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FOREWORD 


This  handbook  on  Mediterranean  Ports  was  developed  as  part 
of  an  ongoing  effort  at  the  Naval  Environmental  Prediction  Research 
Facility  to  create  products  for  direct  application  to  Fleet 
operations.  The  research  was  conducted  in  response  to  Commander 
Naval  Oceanography  Command  (COMNAVOCEANCOM)  requirements  validated 
by  the  Chief  of  Naval  Operations  (OP-096) . 


As  mentioned  in  the  preface,  the  Mediterranean  region  is 
unique  in  that  several  areas  exist  where  local  winds  can  cause 
dangerous  operating  conditions.  This  handbook  will  provide  the 
ship's  captain  with  assistance  in  making  decisions  regarding  the 
disposition  of  his  ship  when  heavy  winds  and  seas  are  encountered 
or  forecast  at  various  port  locations. 


Readers  are  urged  to  submit  comments,  suggestions  for 
changes,  deletions  and/or  additions  to  Naval  Oceanography  Command 
Center  (NAVOCEANCOMCEN) ,  Rota  with  a  copy  to  the  oceanographer, 
COM3 IXTHFLT .  They  will  then  be  passed  on  to  the  Naval 
Environmental  Prediction  Research  Facility  for  review  and 
incorporation  as  appropriate.  This  document  will  be  a  dynamic  one, 
changing  and  improving  as  more  and  better  information  is  obtained. 


W .  L .  SHUTT 
Commander ,  U . S .  Navy 
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PORT  INDEX 


The  following  is  a  tentative  prioritized  list  of- 
Mediterranean  Ports  to  be  evaluated  during  the  five-year  period 
1988-92,  with  ports  grouped  by  expected  year  of  the  port  study's 
publication.  This  list  is  subject  to  change  as  dictated  by 
circumstances  and  periodic  review. 


1988  NO.  PORT 


1  GAETA,  ITALY 

2  NAPLES,  ITALY 

3  CATANIA,  ITALY 

4  AUGUSTA  BAY,  ITALY 

5  CAGLIARI,  ITALY 

6  LA  MADDALENA,  ITALY 

7  MARSEILLE,  FRANCE 

8  TOULON,  FRANCE 

9  VILLEFRANCHE,  FRANCE 

10  MALAGA,  SPAIN 

11  NICE,  FRANCE 

12  CANNES,  FRANCE 

13  MONACO 

14  ASHDOD,  ISRAEL 

15  HAIFA,  ISRAEL 

16  BARCELONA,  SPAIN 

17  PALMA,  SPAIN 

18  IBIZA,  SPAIN 

19  POLLENSA  BAY,  SPAIN 

20  LIVORNO,  ITALY 

21  LA  SPEZIA,  ITALY 

22  VENICE,  ITALY 

23  TRIESTE,  ITALY 

24  CARTAGENA,  SPAIN 

25  VALENCIA,  SPAIN 
SAN  REMO,  ITALY 
GENOA,  ITALY 

1989  PORT 


SPLIT,  YUGOSLAVIA 
DUBROVNIK,  YUGOSLAVIA 
TARANTO,  ITALY 
PALERMO,  ITALY 
MESSINA,  ITALY 
TAORMINA,  ITALY 
PORTO  TORRES,  ITALY 


1990  PORT 


BENIDORM,  SPAIN 
RO  TA,  SPAIN 
TANGIER,  MOROCCO 
PORT  SAID,  EGYPT 
ALEXANDRIA,  EGYPT 
ALGIERS,  ALGERIA 
TUNIS,  TUNISIA 
GULF  HAMMAMET,  TUNISIA. 
GULF  OF  GABES,  TUNISIA 
SOUDA  BAY,  CRETE 

1991  PORT 


PIRAEUS,  GREECE 
KALAMATA,  GREECE 
THESSALONIKI,  GREECE 
CORFU,  GREECE 
KITHIRA,  GREECE 
VALETTA,  MALTA 
LARNACA,  CYPRUS 

1992  PORT 


ANTALYA,  TURKEY 
ISKENDERUN,  TURKEY 
IZMIR,  TURKEY 
ISTANBUL,  TURKEY 
GOLCUK,  TURKEY 
GULF  OF  SOLLUM 


PREFACE 


Environmental  phenomena  each  as  strong  Minds, 
high  Naves,  restrictions  to  visibility  and  thunderstorms 
can  be  hazardous  to  critical  Fleet  operations.  The  cause 
and  effect  of  several  of  these  phenomena  are  unique  to 
the  Medi terranean  region  and  some  prior  knoMledge  of 
their  characteristics  Mould  be  helpful  to  ship’s 
captains.  The  intent  of  this  publication  is  to  provide 
guidance  to  the  captains  for  assistance  in  decision 
making. 


The  Medi terranean  Sea  region  is  an  area  Mhere 
complicated  topographical  features  influence  weather 
patterns.  Katabatic  winds  will  flow  through  restricted 
mountain  gaps  or  valleys  and,  as  a  result  of  the  venturi 
effect,  strengthen  to  storm  intensity  in  a  short  period 
of  time.  As  these  winds  exit  and  flow  over  port  regions 
and  coastal  areas,  anchored  ships  with  large  sail  areas' 
may  be  blown  aground.  Also,  hazardous  sea  state 
conditions  are  created,  posing  a  danger  for  small  boats 
ferrying  personnel  to  a«rt  from  port.  At  the  same  time, 
adjacent  areas  .way  be  relatively  calm.  A  glance  at 
current  weather  charts  may  not  always  reveal  the  causes 
for  these  local  effects  which  vary  drastically  from  point 
to  point. 


Because  of  the  irregular  coast  line  and  numerous 
islands  )"  the  Mediterranean,  swell  can  be  refracted 
around  such  barriers  and  come  from  directions  which  vary 
greatly  with  the  wind.  Anchored  ships  may  experience 
winds  and  seas  from  one  direction  and  swell  from  a 
different  direction.  These  conditions  can  be  extremely 
hazardous  for  tendered  vessels.  Moderate  to  heavy  swell 
may  also  propagate  outward  in  advance  of  a  storm 
resulting  in  uncomf ortabl e  and  sometimes  dangerous 
conditions,  especially  during  tending,  refueling  and 
boating  operations. 


This  handbook  addresses  the  various  weather 
conditions,  their  local  cause  and  effect  and  suggests 
some  evasive  action  to  be  taken  if  necessary.  Most  of 
the  major  ports  in  the  Medi terranean  will  be  covered  in 
the  handbook.  A  priority  list,  established  by  the  Sixth 
Fleet,  exists  for  the  port  studies  conducted  and  this 
list  will  be  followed  as  closely  as  possible  in  terms  of 
scheduling  publications. 
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GENERAL  GU I  DANCE 


1 . 1  DE5 I GN 

This  handbook  is  designed  to  provide  ship 
captains  with  a  ready  reference  on  hazardous  weather  and 
wave  conditions  in  selected  Mediterranean  harbors. 

Section  2,  the  captain's  summary,  is  an  abbreviated 
version  of  section  3,  the  general  information  section 
intended  for  staff  planners  and  meteorologists.  Once 

section  3  has  been  read,  it  is  not  necessary  to  read 
section  2. 

1.1.1  Ob  jecti ves 

The  basic  objective  is  to  pi-ovide  ship  captains 
with  a  concise  reference  of  hazards  to  ship  activities 
that  are  caused  by  environmental  conditions  in  various 
Medi terranean  harbors,  and  to  offer  suggestions  for 

precautionary  and/or  evasive  actions.  A  secondary 

objective  is  to  provide  adequate  background  information 
on  such  hazards  so  that  opei  atior.al  f  j'oraKiprq _  or  other 
interested  parties,  can  quickly  gain  the  local  knowledge 
that  is  necessary  to  ensure  high  quality  forecasts. 

1.1.2  Approach 


Information  on  harbor  conditions  and  hazards  was 
accumulated  in  the  following  manner: 

A.  A  literature  search  for  reference  material 
was  performed. 

B.  Cruise  reports  were  reviewed. 

C.  Navy  personnel  with  current  or  previous  area 
experience  were  interviewed. 

D.  A  preliminary  report  was  developed  which 
included  questions  on  various  local  con¬ 
ditions  in  specific  harbors. 


1-1 


E.  Port/harbor  visits  were  made  by  NEPRF 
personnel;  considerable  in-formation  was 
obtained  through  interviews  with  local 
pilots,  tug  masters,  etc;  and  local  reference 
material  was  obtained. 

F.  The  cumulative  information  was  reviewed, 
combined,  and  condensed  for  harbor  studies. 

1.1.3  Or qani zat 1  on 

The  Handboot  contains  two  sections  for  each 
harbor.  The  first  section  summarizes  harbor  c^i.ditions 
and  is  intended  for  use  as  a  quid  reference  by  ship 
captains,  navigators,  inport/at  sea  OGD's,  and  other 
interested  personnel.  This  section  contains: 

A.  a  brief  narrative  summary  of  environmental 
haz  ards , 

B.  a  table  display  of  vessel  1 ocat 1  on/si tuat 1  on , 

potential  environmental  hazard,  effect-pre- 
cauti onary/evasi on  actions,  and  advance 
indicators  of  potential  envi  r  onmen4-  r.  1 

hazards , 

C.  local  wind  wave  conditions,  and 

D.  tables  depicting  the  wave  conditions  result¬ 
ing  from  propagation  of  deep  water  swell  into 
the  harbor. 

The  swell  propagation  information  includes  percent 
occurrence,  average  duratie.i,  and  the  period  of  maximum 
wave  energy  within  height  ranges  of  greater  than  3.3  feet 
and  greater  than  6.6  feet.  The  details  on  the  generation 
of  sea  and  swell  information  are  provided  in  Appendix  A. 

The  second  section  contains  additional  details  and 
background  information  on  seasonal  hazardous  conditions. 
This  section  is  directed  to  personnel  who  have  a  need  for 
additional  insiqhts  on  environmental  hazards  and  related 
weather  events. 


1-2 


'  ■»  * 


1.2.  CONTENTS  SPECIFIC  HARBOR  STUDIES 

This  handbook  specifically  addresses  potential 
wind  and  wave  related  hazards  to  ships  operating  in 
various  Mediterranean  ports  utilized  by  the  J.S.  Navy. 
It  does  not  contain  general  purpose  climatology  and/or 
comprehensive  forecast  rules  -for  weather  conditions  of  a 
more  benign  nature. 

The  contents  are  intended  for  use  in  both  pre¬ 
visit  planning  and  in  situ  problem  solving  by  either 
mariners  or  environmentalists.  Potential  hazards  related 
to  both  weather  and  waves  are  addressed.  The 
oceanographic  information  includes  some  rather  unique 
information  relating  to  deep  water  swell  propagating  into 
harbor  shallow  water  areas. 

Emphasis  is  placed  on  the  hazards  related  to 
wind,  wind  waves,  and  the  propagation  of  deep  water  swell 
in*.  )  the  harbor  areas.  Various  vessel 
1 ocat 1 ons/si tuat 1 ons  are  considered,  including  moored, 
nesting,  anchored,  arr i vi ng/depar t i ng ,  and  small  boat 
operations.  Tie  potential  problems  and  suggested  pre¬ 
cautionary/evasive  actions  for  various  combinations  of 
environmental  threats  and  vessel  location/situation  are 
provided.  Local  indicators  of  environmental  hazards  and 
passible  evasion  techniques  are  summarized  for  various 


scenar l os. 


CAUTIGNARY  NOT E:  In  September  1985  Hurricane  Gloria  raked 
the  Nor-folk,  VA  area  while  several  US  Navy  ships  were 
anchored  on  the  muddy  bottom  of  Chesapeake  Bay.  One 
important  fact  was  revealed  during  this  incidenti  Most 
all  ships  frigate  size  and  larger  dragged  anchor ,  some 
more  than  others,  in  winds  of  over  50  knots.  As  winds  and 
waves  increased,  ships  fell  into'  the  wave  troughs, 
BROADSIDE  TO  THE  WIND  and  become  difficult  or  impossible 
to  control . 

This  was  a  rare  instance  in  which  several  ships 
of  recent  design  were  exposed  to  the  same  storm  and  much 
effort  was  put  into  the  documentation  of  lessons  learned. 
Chief  among  these  was  the  suggestion  to  evade  at  sea 
rather  than  remain  anchored  at  port  whenever  winds  of 
such  intensity  were  forecast. 
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CAPTAIN'S  SUMMARY 


The  Port  a*  Ibiza  is  located  on  the  island  of 
Ibiza  in  tha  Balearic  Islands  (Figure  2-1).  Ibiza  Island 
is  approximately  BO  n  mi  east-southeast  of  Valencia, 
Spain  and  44  n  mi  southwest  of  Mallorca  (the  largest  of 
the  Balearic  Islands). 
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Tha  island  of  Ibiza  ia  ra lativaly  small  in  sizs, 
with  approx i mats  ovsral  1  di mansions  o-f  22  n  mi  northaast 
to  southwast,  and  10  n  mi  northwast  to  southaast  (Figura 
2-2).  Tha  Port  of  Ibiza  is  situatad  on  tha  southaast 
sida  of  tha  island. 
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The  wel 1 -protected,  ■mail  innmr  harbor  im  dividmd 
into  two  main  basins  by  two  pisrs  (Figure  2-3).  A  fuel 
pier  extends  southwest  from  the  northern  side  of  the 
port,  while  Estacion  Mari time  pier  extends  northeastward 
from  tha  southern  side.  The  westernmost  basin  is  used 
primarily  by  small  boats,  ferries,  and  fishing  boats. 
The  eastern  basin  is  used  by  cruise  ships,  merchant 
vessels,  tankers,  and  island  ferries.  The  northeastern 
corner  of  the  inner  harbor  is  protected  by  a  low  rock 
wall,  and  is  used  for  yachts  and  small  boats  only 
(FICEURLANT,  1987).  The  inner  harbor  is  well  protected 
on  its  south,  west,  and  north  sides  by  land.  Except  for 
a  250  yd  (229  m)  wide  entrance,  the  eastern  side  is 
protected  by  two  breakwaters.  U.S.  Navy  ships  do  not 
berth  in  the  inner  harbor  due  to  the  shallow  water  depth, 
23  ft  (7  m) .  Instead,  they  use  one  of  the  anchorages 
described  below. 

One  anchorage  for  small  ships  is  located  in  the 
inner  harbor.  It  can  also  be  used  by  large  ships  for 
short  periods  during  good  weather,  but  the  holding 
quality  of  the  sand,  vegetable  matter,  and  mud  bottom  is 
rated  fair  only.  Anchorages  for  large  vessels  and 
smaller  ships  on  extended  stays  are  located  in  the  outer 
harbor.  Three  locations  are  identified.  Ranges  and 
bearings  are  in  relation  to  Botafoch  Light. 

WT-1  38-54-21N  001-26-77E  bearing  097*  range  680  yd 

WT-2  38-53-B6N  001-26-73E  bearing  057‘  range  980  yd 

WT-3  38-53-63N  001-26-36E  bearing  050*  range  1,740  yd 

Anchorage  WT-3  has  the  largest  swing  circle  and  best 
protection  for  a  30-35  ft  <9-11  m)  draft  ship.  Holding 
is  rated  good  in  a  water  depth  of  10  fm  (18  m) 
(FICEURLANT,  1987). 
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There  ara  no  curranta  which  affect  tha  harbor  or 
anchorage.  Thara  ia  no  astronomical  tida  at  Ibiza,  but 
tha  watar  laval  variaa  with  wind  diractlon  by  aa  much  aa 
16  inchaa  (40  cm).  Southerly  winda  raiaa  tha  watar  laval 
and  northarly  winda  lowar  it.  Rara  occurrancaa  of  rapid 
watar  laval  changaa  dua  to  changaa  in  wind  diraction  hava 
baan  obaarvad.  Only  twica  in  a  33  yaar  pariod  has  tha 
watar  laval  in  tha  harbor  variad  by  3  ft  (about  1  m) j 
damage  to  fendere  and  mooring  linaa  raaultad. 

Specific  hazardous  environmental  conditions, 
vassal  situations,  and  auggaatad  precautionary /evaai ve 
action  scenarios  are  summarized  in  Table  2-1. 


Table  : 


Summary  of  hazardous  environmei 
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HAZARDOUS  CONDITION 


INDICATORS  OF  POTENTIAL  HAZARD 


1.  Histral  Kinds/Kaves  -  Reach  Port  froi  NE. 

*  Wind  speed  is  usually  15-20  kt,  but 
lay  reach  35-40  kt. 

*  Snell  height  only  3  ft  (1  i)  due  to 
refraction  around  £  side  of  island. 


ftdvance  narnino 

*  Histral  winds  i ay  develop  when  any  of  the 
follOKina  occurs: 

*  Foriation  of  a  Ion  pressure  center  in  Sul f 
of  Genoa. 

*  Surface  front  or  trough  passes  Perpignan 
(07747)  or  500  lb  trough  passes  Bordeaux 

(075101. 


e  When  one  of  the  following  surface  pressure 
differences  is  achieved: 
t  Perpignan  -  Harignane  Marseille) ,  3  ib,  or 
«  Harignane  -  Nice,  3  *b,  or 
*  Perignan  -  Nice,  6  ib. 

♦  Local  indicators: 

*  Dolphin-shaped  cirrus  on  the  N  horizon  which 
are  red  at  sunset  is  ar  indication  of  a 
Histral  beginning  in  8-12  hr. 

*  ft  Histral  will  begin  in  24  hr  if  visibility 
becoies  extreiely  good,  with  iany  stars 
visible  at  night,  after  the  passage  of  a 
rainstori  fro*  the  Iberian  Peninsula, 


Intensity 

i  Strongest  Kinds  do  not  occur  until  after  500  it 
trough  has  passed. 

*  ft  good  indication  of  intensity  is  obtained  by 
adding  10  kt  to  Kind  speed  reported  bv  Hontpeher 
(07643)  or  Istres  (07647). 

Duration 

*  Uoiionly  lasts  3-4  days,  out  a  strong  Histral  »ay 
last  as  long  as  12  days. 

*  Histral  Kinds  Kill  cease/ieaken  Khen  cyclonic 
regne  at  the  surface  is  replaced  by  anticydonic 
regne. 


2.  SW'ly  Kinds/iaves  -  Caused  by  Idh 
presure  systeis  which  pass  through 
atrait  of  Gibraltar  and  iove  NE  along 
E  coast  of  Spain. 

*  Hind  speed  lay  reach  25  kt. 

*  Wind  raises  a  dangerous  chop  in 
inner  harbor. 

*  Outer  anchorage  is  protected  fro* 
significant  *ave  locion. 


Advance  yarning 

*  ft  Iok  pressure  syste*  Khich  indicates  it  Kill 
pass  tnrough  the  Strait  c*  Gibraltar  and  iove 
along  E  coast  of  Spain, 

«  Locai  indicators: 

*  if  the  Kater  level  in  the  inner  harbor  is 
rising  at  sunrise,  SN'ly  Kinds  and  light  rain 
Kill  occur  during  the  day. 

*  When  NTy  Kinds  die  at  sunset,  S'iy  Kinds  Kill 
occur  the  following  day. 


nmental  conditions  -for  the  Port  o-f  Ibiza. 


VESSEL  LOCATION/ 
SITUATION  AFFECTED 


EFFECT  -  PRECAUT I ONAR Y/EVAS I VE  ACTIONS 


1  i  Anchored  -  outer  harbor. 


:  Stall  boats. 


la)  Anchored  vessels  should  experience  no  probleas  under  nortai  15-20  kt 
Histral  sirnfsl  6 

*  Two  anchors  tay  be  required  to  forestall  anchor  dragging  it  wind  speed 
increases  to  35-40  kt. 

*  Associated  naves  aay  affect  stall  boat  operations, 
i a ;  Inbound  vessels. 

*  Anchor i ng  vessels  should  be  prepared  to  deploy  2  anchors  in  a  strong 
mnd  situation. 

*  Associated  naves  tay  at  tec  t  stall  boat  operations. 

(b )  Outbound  vessels. 

*  No  significant  problets  during  departure. 

*  Be  a*are  of  probable  increased  nave  height  once  lee  of  Ibiza  is  lost. 

(a)  Naves  tay  take  boat  operation  to/froe  inner  harbor  and  outer  harbor  unsafe. 


oat  runs  tay  be  curtailed  until  sea)s»el!  abates. 


■.  1  Anchored  -  inner  harbor. 


la'  No  effect  on  anchored  vessels. 

*  "t-  3caT operation  toTTon  boat  landings  «av  be  unsafe. 


Anchored  -  outer  harbor. 


)  Arrivinq/departino. 


iai  No  e;<ec.  on  anchored  vessels. 

*  maTTuoat  operations  tc/ -ret  inner  harbor  tav  be  curtailed  due  tc  mnd 
saves  at  anchorage. 

♦  Stall  boat  operation  near  boat  landings  m  mne-  harbor  may  te 
unsafe. 

iai  Inbound  vessels. 

*  Vessels  should  -ot  encounter  problets. 

*  Vessels  should  be  atare  of  effect  of  chop  or  stall  boats. 


Stall  boats. 


; b )  Outbound  vessels . 

*  Vessels  should  not  encounter  problets 

*  Vessels  should  be  atare  of  probable  increasec  save  heights  once  lee  of 
Ibiza  and  adjacent  islands  S  of  Ibiza  is  lost. 

f a )  Inner  harbor  operations  tay  be  hazardous. 


*  Chop  takes  areas  near  berthed  ship  and  boat  landings  unsafe. 

*  Boat  operation  say  be  curtai!ed  until  conditions  abate. 

lb)  Outer  harbor  tay  experience  hazardous  mnd  saves  in  strong  event. 

*  Boat  runs  to/frot  the  anchorage  anT’lnnerTaFBcr  tav  urUTe, 


T abl e  I 


( Conti nued ) 


VESSEL  LOCATION/ 
SITUATION  AFFECTED 


Anchored  -  inner  harbor. 


(a) 


EFFECT  -  PRECAUTIONARY/EVASIVE  ACTIONS 


Strong  event  aay  cause  anchor  draoama. 

i  Tmo  anchors  lay  be  required  to  forestall  anchor  dragging  if  Mind  is 
less  than  SO  it. 

♦  If  «ind  is  SC  it  or  tore,  ships  should  love  to  outer  anchorage  Nhere 
holding  quality  of  bottoi  is  better,  l mo  anchors  tay  siiii  be  required. 

♦  Seal!  boat  operations  aay  be  affected. 


Anchored  -  outer  harbor. 

\ 

[  ■  Arrivin;ideDartino, 

f 


(a)  Strona  event  «ay  cause  anchor  draaaina. 

*  Tmo  anchors  iay  be  required  to  prevent  dragging. 

*  Saall  boat  operations  to/frot  inner  harbor  iay  be  affected. 


(a)  Inbound  vessels. 

*  If  Mind  is  strong  units  should  delay  arrival  until  Mind  has  «eaie»ed. 

*  Anchor  dragging  at  inner/outer  anchorages  is  possible. 

*  Vessels  should  not  atteept  to  anchor  in  the  inner  harbor  if  the  Mind  is 
expected  to  reach/exceed  50  it. 

*  Seal!  boat  operation  is  affected. 


(b)  Outbound  vessels. 

*  Vessel 5  should  not  encounter  problems. 

*  Vessels  should  be  aNare  of  probable  increased  Mave  heights  once  lee  of 

Il.zu  is  lost. 


Saall  boats. 


(a)  Wind  aay  raise  a  hazardous  sea  in  the  outer  anchoraae. 


For  estimating  shallow  water  wava  heights,  three 
points  have  b  ..*n  selected  (Figure  2-3): 

l(WT-l)  38— 54— 21 h  001-2A-77E  bearing  097*  range  A80  yd 

2 (WT-2)  3B-53-SAN  001-2A-73E  bearing  057*  range  980  yd 

3 (WT-3)  38-53-A3N  0O1-2A-3AE  bearing  050*  range  1,740  yd 

Table  2-2  provides  the  height  ratio  and  direction 

of  shallow  water  waves  to  expect  at  Points  1,  2,  and  3 

when  the  deep  water  wave  conditions  are  known. 

The  Ibiza  Point  1  conditions  are  found  by 
entering  Table  2-2  with  the  forecast  or  known  deep  water 
wave  direction  and  period.  In  the  following  example,  the 
height  is  determined  by  multiplying  the  deep  water  height 
(6  ft)  by  the  ratio  of  shallow  to  deep  height  (.7). 


I  Example:  Use  of  Table  2-2  for  Ibiza  Point  1. 


Deep  water  wave  forecast  as  provided  by  a  forecast 
center  or  a  reported/observed  deep  water  wave 
condition: 

A  feet,  10  seconds,  from  120*. 

The  expected  wave  condition  at  Ibiza  Point  1.  as 
determined  from  Table  2-2: 

3  feet,  lO  seconds,  from  150*. 


NOTE:  Wave  periods  are  a  conservative  property 
and  therefore  remain  constant  when  waves  move  from  deep 
to  shallow  water,  but  speed,  height,  and  steepness 
change. 
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Table  2-2.  Shallow  water  wave  direction*  and  relative  height 
conditions  versus  deep  water  period  and  direction  (see  Figure 
2-3  for  location  of  the  points). 


FORMAT t  Shallow  Water  Direction 

Wave  Height  Ratio:  (Shallow  Water/Deep  Water) 


IBIZA  POINT  1:  WT-1 _ Depth  45  ft 


!  Per i od  ( sec ) 

6 

8 

10 

12 

14 

16 

!  Deep  Water 

Shallow  Water 

!  Direction 

Direction  and  Heiaht  Ratio 

!  050 * 

085* 

090* 

115* 

155* 

ISO* 

155* 

1 

1 

l 

.3 

.3 

.3 

.3 

.4 

.4 

1 

!  090* 

095* 

115* 

105* 

115* 

135* 

115* 

1 

l 

.8 

.5 

.6 

.6 

.6 

.5 

» 

:  120* 

135* 

145* 

150* 

140* 

125* 

130* 

i 

.5 

.5 

.'5 

.7 

.9 

T 
■  / 

i 

!  150* 

145* 

140* 

135* 

135* 

115* 

115* 

! 

.8 

.6 

.4 

.6 

.7 

.7 

IBIZA  POINT  2:  WT-2 

Depth 

75  ft 

!  Per i od  ( sec ) 

6 

B 

10 

12 

14 

16 

Deep  Water 

Shallow  Water 

!  Direction 

Direction  and  Heiaht  Ratio 

!  060* 

085* 

090* 

090* 

090* 

095* 

095* 

1 

• 

.3 

.3 

.3 

.4 

.5 

.5 

i 

!  090* 

095* 

090* 

lOO* 

110* 

llO* 

110* 

i 

.8 

.9 

.6 

.6 

.6 

.5 

1 

:  120* 

120* 

120* 

120* 

120* 

no* 

120* 

i 

i 

1.0 

.8 

.8 

.7 

.5 

.6 

» 

!  150* 

150* 

150* 

135* 

135* 

115* 

115* 

! 

.9 

.8 

.4 

.6 

.6 

.6 

1 

IBIZA  POINT  3:  WT-3 

Depth  60  ft 

1  Period  (sec) 

6 

8 

10 

12 

14 

16 

1 

{  Deep  Nater 

Shallow  Water 

!  Direction 

Direction  and  Heiaht  Ratio 

!  060* 

085* 

090* 

075* 

090* 

085* 

090* 

.3 

.3 

.5 

.4 

.5 

.5 

1  090* 

090* 

090* 

090* 

090* 

100* 

115* 

1.0 

.8 

.7 

.  6 

.6 

.6 

:  120* 

120* 

130* 

105* 

120* 

133* 

125* 

.9 

.B 

.7 

.B 

.7 

.9 

1  150* 

150* 

150* 

135* 

135* 

115* 

103* 

.9 

.8 

.4 

.6 

.7 

.8 
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Example; 

To  the  south-southeast  of  Point  2  there  is 
about  a  15  n  mi  fetch  (Figure  2-2).  Given  a 
south-southeast  wind  at  24  kt,  the  sea  will  have 
reached  3  to  4  feet  with  a  period  of  4  seconds 
within  2  hours.  Wind  waves  will  not  grow  beyond 
this  condition  unless  the  wind  speed  increases 
or  the  direction  changes  to  one  over  a  longer 
fetch  length.  If  the  wind  waves  are  superimposed 
on  deep  water  swell,  the  combined  height  may 
change  in  response  to  changing  swell  conditions. 
Wind  wave  directions  are  assumed  to  be  the  same 
as  the  wind  direction. 


Cl i matol QQi cal  factors  of  shallow  water  waves,  as 
described  by  percent  occurrence,  average  duration,  and 
period  of  maximum  energy  (period  at  which  the  most  energy 
is  focused  for  a  given  height),  are  given  in  Table  2-4. 
See  Appendix  A  for  discussion  of  wave  spectrum  and  energy 
distribution.  These  data  are  provided  by  season  for  two 
ranges  of  heights:  greater  than  3.3  ft  (1  m)  and  greater 
than  6.6ft  (2m). 
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Table  2-4.  Shallow  water  climatology  as  determined  from  deep 
water  wave  propagation.  Percent  occurrence,  average  duration 
or  persistence,  and  wave  period  of  maximum  energy  for  wave 
height  ranges  of  greater  than  3.3  ft  (1  m)  and  greater  than 
6.6  ft  (2  m)  by  climatological  season. 


IBIZA  POINT  Is 

WINTER 

SPRING 

SUMMER 

AUTUMN  ! 

!  >3.3  ft  (lm> 

NOV-APR 

MAY 

JUN-SEP 

oct  : 

I 

» 

I  Occurrence 

1 

C/.) 

1 1 

9 

3 

( 

» 

13  : 

i 

t 

!  Average  Duration 

(hr) 

17 

19 

14 

28  ! 

( 

!  Period  Max  Energy (sec) 

1 

l 

9 

9 

B 

9  : 

i 

> 

:  >6.6  ft  (2  m) 

NOV-APR 

MAY 

JUN-SEP 

oct  : 

1 

1 

!  Occurrence 

I 

(*/.) 

2 

0 

0 

i 

i 

o  : 

■ 

l 

!  Average  Duration 

i 

(hr ) 

31 

NA 

NA 

i 

na  : 

i 

!  Period  Max  Energy (sec) 

» 

1 1 

NA 

NA 

na  : 

i 

i 

IBIZA  POINT  2: 

WINTER 

SPRING 

SUMMER 

AUTUMN  ! 

!  >3.3  ft  <1  m) 

NOV-APR 

MAY 

JUN-SEP 

OCT  ! 

i 

l 

!  Occurrence 

1 

(X) 

5 

4 

<<  1 

1 

t 

3  : 

t 

!  Average  Duration 

i 

(hr ) 

17 

12 

6 

10  ! 

1 

!  Period  Max  Energy (sec) 

10 

10 

9 

9  : 

i 

> 

!  >6.6  ft  (2  m) 

NOV-APR 

MAY 

JUN-SEP 

oct  : 

!  Occurrence 

(■/.) 

<<  1 

0 

0 

i 

i 

o  : 

i 

!  Average  Duration 

i 

(hr) 

6 

NA 

NA 

i 

na  : 

i 

!  Period  Max  Energy (sec) 

l 

12 

NA 

NA 

na  : 

i 

i 

IBIZA  POINT  3: 

WINTER 

SPRING 

SUMMER 

AUTUMN  ! 

!  >3.3  ft  (1  m) 

NOV-APR 

MAY 

JUN-SEP 

OCT  : 

!  Occurrence 

(’/.) 

1  1 

9 

3 

l 

l 

13  : 

!  Average  Duration 

1 

(hr) 

17 

IS 

14 

* 

27  : 

i 

!  Period  Max  Energy (sec) 

9 

9 

8-9 

i 

8-9  ; 

i 

t 

!  >6.6  ft  (2  m) 

NOV-APR 

MAY 

JUN-SEP 

oct  : 

!  Occurrence 

C/.) 

2 

0 

0 

i 

> 

o  : 

!  Average  Duration 

i 

(hr) 

25 

NA 

NA 

■ 

na  : 

i 

!  Period  Max  Energy (sec) 

1 

i 

9 

NA 

NA 

na  : 

i 

» 
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SEASONAL  SUMMARY  OF  IBIZA  HAZARDOUS  WEATHER  CONDI TIONS 

WINTER  (mid-January  thru  March): 

*  Mistral  winds  reach  anchorage  as  NE  15-20  kt  with 
strong  events  attaining  35-40  kt  (swell  height 
only  3  ft  (1  m)  due  to  refraction). 

*  NW'ly  winds:  Cierzo  winds  from  Ebro  Valley  (NE 
Spain).  Strong  occurrence  possible  with  gusts  to 
70  kt  recorded.  (Usually  occur  last  ten  days  of 
December;  may  occur  during  January.) 

*  SW'ly  winds:  may  reach  25  kt.  Caused  by  low 
pressure  systems  passing  thru  Strait  of  Gibraltar 
and  moving  northeast  along  east  coast  of  Spain. 

SPRING  (April  to  mid-June): 

*  Sea  breeze:  average  velocity  -  9  kt.  Starts  about 
noon  and  lasts  until  sunset. 

*  Thunder storms  possible. 

SUMMER  (mid-June  thru  September): 

*  Sea  breeze:  9  kt  average  velocity.  Starts  earlier 
than  spring  (around  0S00L)  and  lasts  til  sunset. 

*  Thunderstorm  season:  mid-August  thru  September. 

Very  strong  thunderstorms  typically  occur  last 
ten  days  of  August. 

-  5/S  sky  covered  with  storm  clouds  (common). 

-  1/5  inch  (.5  cm)  hail,  wind  gusts  to  40  kt ,  and 
5.9  inches  (15  cm)  of  rain  in  a  36-hour  period 
have  been  recorded. 

AUTUMN  (October  thru  mi d- January > : 

*  Thunderstorm  season  includes  first  ten  days  of 
October . 

*  NW'ly  winds:  Cierzo  winds  from  Ebro  Valley  (NE 
Sp3in).  Strong  occurrence  possible  with  gusts  to 
70  kt  recorded.  (Usually  occur  last  ten  days  of 
December;  may  occur  during  January. ) 

*  SW'ly  winds:  may  reach  25  kt.  Caused  by  low 
pressure  systems  passing  thru  Strait  of  Gibraltar 
and  moving  northeast  along  east  coast  of  Spain. 

NOTE:  For  more  detailed  information  on  hazardous  weather 

conditions,  see  previous  Summary  Table  in  this  section 

and  Hazardous  Weather  Summary  in  Section  3. 
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GENERAL  INFORMATION 

This  faction  is  intended  for  flut  meteorolo- 
gitts/occanographtri  and  staff  planntrf.  Paragraph  3.5 
provides  a  general  discussion  of  hazards  and  Table  3—4 
provides  a  summary  of  vessel  locations/situations,  poten¬ 
tial  hazards,  ef f ect-precauti onary/evasi ve  actions,  and 
advance  indicators  and  other  information  about  potential 
hazards  by  season. 

Geographic  Location 

The  Port  of  Ibiza  is  located  at  3B*54.8'N 
001*26. 7'E  on  the  island  of  Ibiza  in  the  Balearic  Islands 
(Figure  3-1).  Ibiza  Island  is  approximately  80  n  mi 
east— southeast  of  Valencia,  Spain,  and  44  n  mi  southwest 
of  Mallorca  (the  largest  of  the  Balearic  Islands). 
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The  island  of  Ibiza  is  relatively  small  in  size, 
with  approximate  overall  dimensions  of  22  n  mi  northeast 
to  southwest,  and  10  n  mi  northwest  to  southeast  (Figure 
3-2).  Island  topography  is  rugged,  with  maximum 
elevations  of  1,558  ft  (475  m)  existing  near  the 
southwest  end  of  the  island,  and  1,342  ft  (409  m)  near 
the  northeast  end.  The  Port  of  Ibiza  is  situated  on  the 
southeast  side  of  the  island. 


Figure  3-2  Balearic  Islands 


The  wel 1 -protected ,  small  inner  harbor  of  the 
port  of  Ibiza  (Figure  3-3)  is  divided  into  two  main 
basins  by  two  piers.  A  fuel  pier  extends  southwest  from 
the  northern  side  of  the  port,  while  Estacion  Maritime 
(Maritime  Station)  pier  extends  northeastward  from  the 
southern  side.  The  westernmost  basin  is  used  primarily 
by  small  boats,  ferries,  and  fishing  boats.  The  eastern 
basin  is  used  by  cruise  ships,  merchant  vessels,  tankers, 
and  island  ferries.  The  northeast  corner  of  the  inner 
harbor  is  protected  by  a  low  rock  wall,  and  is  used  for 
yachts  and  small  craft  only  (FICEURLANT,  1987).  The 
inner  harbor  of  the  port  is  well  protected  on  its  south, 
west,  and  north  sides  by  land.  Except  for  a  250  yd 
<229  m)  wide  entrance,  the  eastern  side  is  protected  by 
two  breakwaters. 

One  anchorage  for  small  ships  is  located  in  the 
inner  harbor ,  but  vessels  with  a  draft  of  more  than  20  ft 
<6  m)  are  required  to  anchor  outside  the  breakwater.  The 
holding  quality  of  the  bottom  of  sand,  vegetable  matter, 
and  mud  is  rated  fair  only.  Anchorages  for  large  vessels 
and  smaller  ships  on  extended  stays  are  located  in  the 
outer  harbor.  Three  locations  are  identified.  Ranges 
and  bearings  are  in  relation  to  Botafoch  Light. 

1  (WT-1)  38-54--21N  001-26-77E  bearing  097*  range  680  yd 

2  (WT-2)  38-53-86N  001-26-73E  bearing  057°  range  980  yd 

3  (WT-3)  38-53— 63N  001-26— 36E  bearing  050"  range  1,740  yd 

Hnchorage  WT-3  has  the  largest  swing  circle  and  best 
protection  for  a  30-35  ft  (9-11  m)  draft  ship.  Holding 
is  rated  good  in  a  water  depth  of  10  fm  (18  m) 
(FICEURLANT,  1987). 
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3.2 


Qualitative  Evaluation  of  the  Port  of  Ibiza  as  a  Haven 


The  Port  of  Ibiza  is  protected  from  most  strong 
Mind  and  resultant  high  wave  conditions.  The  configura¬ 
tion  of  the  coastline  on  Mhich  Ibiza  is  located  effec¬ 
tively  protects  it  from  hazardous  conditions  which 
emanate  from  the  south  clockwise  to  the  northeast.  U.S. 
Navy  ships  do  not  berth  in  the  inner  harbor  due  to  the 
shallow  depths,  23  ft  (7  m) ,  but  instead  anchor  in  one  of 
the  designated  anchorages  as  specified  in  section  3.1. 

Although  situated  well  south  of  the  Gulf  of  Lion, 
Ibiza  experiences  northeasterl y  Mistral  winds  about  four 
times  each  winter.  Wind  speeds  are  usually  in  the  15  to 
20  kt  range,  but  speeds  of  30  to  40  kt  are  possible. 
Because  the  port  is  on  the  southeast  side  of  the  island, 
waves  which  are  generated  by  the  Mistral  wind  must 
refract  clockwise  around  the  east  side  of  the  island  to 
reach  the  anchorage  as  an  easterly  swell  which  is  usually 
less  than  3  ft  (about  1  m)  high.  Wind  waves  are  not  a 
problem  in  the  harbor  during  Mistral  winds  because  of 
lack  of  fetch.  Consequently,  Mistral  impact  is  limited 
primarily  to  hazards  to  small  boat  operations. 

Southwesterly  winds  near  23  kt  occur  once  or 
twice  per  year.  Their  effect  on  the  outer  anchorage  is 
minimized  because  of  the  configuration  of  the  bay  and  the 
adjacent  coast.  The  winds  create  very  short  period  waves 
within  the  confines  of  the  inner  harbor,  however,  which 
raise  a  chop  that  can  create  hazardous  conditions  for 
small  boats  at  boat  landings. 


3.3  Currents  and  Tides 


There  are  no  currents  which  affect  the  harbor  or 
anchorage. 

There  is  no  astronomical  tide  at  Ibiza,  but  the 
water  level  in  the  harbor  varies  with  wind  direction  by 
as  much  as  16  inches  (40  cm).  Southerly  winds  cause  a 
rise  in  water  level  while  northerly  winds  lower  it.  Rare 
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occurrences  of  rapid  Mater  level  changes  due  to  changes 
in  Mind  direction  have  been  observed.  Only  twice  in  33 
years  has  the  Mater  level  varied  by  as  much  as  3  ft 
(about  1  m) .  Damage  to  fenders  and  mooring  lines 
resulted  when  the  relatively  large  variation  occurred. 

Visibility 

Surface  visibility  at  the  Port  of  Ibiza  is 
normally  greater  than  7  n  mi .  About  two  or  three  times 
each  year,  during  the  transition  from  winter  to  spring, 
radiation  fog  Mill  reduce  visibility  at  the  port  to  near 
110  yd  (100  m) ,  but  it  is  a  late  night/early  morning 
phenomenon,  and  usually  burns  off  by  1100L. 

Hazardous  Conditions 


The  Part  of  Ibiza  is  sheltered  from  most 
hazardous  weather  scenarios  that  affect  the  Balearic 
Island  region,  but  has  limited  vulnerability  to  some.  A 
seasonal  summary  of  various  knoMn  environmental  hazards 
that  may  be  encountered  in  the  Port  of  Ibiza  follows. 

A.  Winter  (mid-January  through  March) 

Hazardous  conditions  during  the  winter  season  are 
limited  to  three  primary  wind  situations:  Mistral  winds 
which  reach  Ibiza  as  northeasterl ies,  Cierzo  winds  which 
infrequently  reach  Ibiza  as  strong  northwesterl i es ,  and 
southwesterly  winds.  Records  from  Ibiza  Airport  indicate 
that  west  is  the  orednminant  w> nd  direction  during 
January  and  February,  with  an  average  speed  of  11-12  kt. 
By  March,  over  38  percent  of  the  wind  is  from  the 
southwest  or  west,  with  average  speeds  of  about  9  kt. 

Ibiza  is  located  well  sou^h  of  the  Gulf  of  Lion. 
Consequently,  the  Mistral  winds  which  reach  the  island 
about  four  times  per  year  during  the  winter  season  only, 
are  not  <is  strong  as  those  experienced  in  the  Gulf  of 
Lion.  Additionally,  because  the  port  is  situated  on  the 
lee  side  of  the  island.  Mistral  wind  force  is  commonly 
reduced  to  15-20  kt,  although  it  occasionally  reaches  30- 


40  kt.  Associated  waves  must  retract  clockwise  around 
the  east  side  of  the  island  to  reach  the  nort.  As  a 
result,  they  are  usually  less  than  3  ft  (about  1  m)  at 
the  outer  anchorage. 

The  Port  of  Ibiza  infrequently  experiences  strong 
northwesterl y  winds.  Although  they  usually  occur  during 
the  last  few  days  of  December,  they  may  occur  during 
January.  Isolated  incidents  have  caused  gusts  to  70  kt 
at  the  Ibiza  airport.  They  likely  result  from  a  Cierzo 
situation  as  described  by  Reiter  (1975).  A  Cierzo  is  the 
Spanish  term  for  the  Mistral  in  the  lower  valleys  of  the 
Ebro  River  in  northeastern  Spain,  and  occurs  mainly 
during  autumn  and  early  winter. 

Southwesterly  winds  near  25  kt  reach  the  port 
area  one  or  two  times  per  year.  They  are  associated  with 
low  pressure  systems  which  move  through  the  Strait  of 
Gibraltar  before  moving  northeast  along  the  east  coast  of 
Spa  in.  Bay  orientation  and  terrain  minimize  the  effect 
of  the  wind  on  the  anchorage,  but  very  short  period  waves 
are  created  within  the  inner  harbor.  Although  it  is  not 
high,  the  resultant  chop  can  be  hazardous  to  berthed 
ships  and  boat  landings. 

Thunderstorms  occur  an  average  of  four  times  per 
year.  Some  are  possible  during  the  winter  to  spring 
transition  period,  but  the  strongest  occurrences  are 
experienced  in  late  August  and  September.  Ibiza  has  a 
drier  climate  than  the  other  Balearic  Islands;  however, 
rain  is  not  uncommon.  Southwesterly  winds  are  usually 
accompanied  by  light  precipitation,  but  specific 
accumulation  data  are  not  available.  Winter  temperatures 
are  moderate,  though  specific  temperature  data  are  not 
avai 1  able. 

B.  Spring  (April  to  mid-June) 

The  early  part  of  the  spring  season  is  a  more  or 
less  continuation  of  the  winter  weather  regime. 
Exceptions  to  the  above  include  the  cessation  of  Mistral 
and  Cierzo  winds  (they  are  winter  events  at  Ibiza) ,  and  a 
gradual  warming  of  temperatures. 
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Southwesterly  winds  prevail  during  the  season, 
occurring  about  one-fourth  of  the  time.  Average  wind 
speeds  are  generally  less  than  10  kt,  though  infrequent 
northeasterly  winds  are  slightly  stronger.  Strong 
southwest  wind  events  are  possible  early  in  the  season. 

A  daily  sea  breeze  becomes  evident  starting  in 
May.  During  May,  the  sea  breeze  usually  starts  about 
noon  and  lasts  until  sunset.  By  June  the  start  time 
advances  to  0800L.  The  sea  breeze  has  an  easterly 
direction,  with  an  average  speed  of  about  9  kt. 

Thunderstorms ,  which  occur  during  the  winter  to 
spring  transition  period,  are  possible  through  April. 
Precipitation  accompanying  southwesterly  winds  continue 
through  May,  after  which  rain  becomes  less  common. 

C.  Summer  (mid-June  through  September) 

The  summer  season  at  Ibiza  is  warm  and  pleasant. 
Strong  winds  and  inclement  weather  are  not  common  early 
in  the  season.  Easterly  winds  prevail  (occurring  40%  of 
the  time  during  July)  because  of  the  daily  sea  breeze. 
Southwest  is  the  second  most  common  wind  direction. 

The  summer  to  autumn  thunderstorm  season  starts 
in  late  August  and  continues  through  September.  It  is 
during  this  period  that  the  strongest  thunderstorms  of 
the  year  occur.  Very  strong  storms  commonly  occur  during 
the  last  ten  days  of  August.  During  these  periods,  as 
much  as  5/8  of  the  celestial  dome  is  often  covered  by 
cumulonimbus  clouds.  Hail  of  1/5  inch  (0.5  cm)  has  been 
recorded,  as  well  as  wind  gusts  to  40  kt.  On  one 
occasion,  over  5.9  inches  (15  cm)  of  rain  fell  during  a 
36— hour  period. 

D .  Autumn  (October  through  mid-January) 

The  first  ten  days  of  October  are  included  in  the 
summer  to  autumn  thunderstorm  season.  Although  the 
strongest  storms  occur  in  August,  strong  storms  are  still 
possible,  along  with  attendant  gusty  winds,  hail,  and 
rain  showers. 


Prevailing  winds  shift  from  easterly  to  westerly 
after  October.  The  sea  breeze  is  still  experienced 


through  October,  but  it  starts  later,  about  noon,  than 
during  summer. 

Strong  southwesterly  winds  a^d  chcppy  wave 
conditions  in  the  inner  harbor  are  possible  when  a  low 
pressure  system  passes  through  the  Strait  of  Gibraltar 
and  moves  northeastward  along  the  east  coast  of  Spain. 
The  winds  are  often  accompanied  by  rain.  Cierzo  winds, 
which  occur  when  Mistral -type  conditions  occur  over  the 
Ebro  River  Valley  in  northeastern  Spain,  can  bring 
infrequent  episodes  of  strong  northwesterl y  winds  to  the 
Port  of  Ibiza. 

3.6  Harbor  Protection 


The  Port  of  Ibiza  is  protected  from  most 
hazardous  situations.  But  as  detailed  below,  there  are 
differences  in  the  protection  afforded  to  vessels  in  the 
inner  harbor  and  those  in  the  anchorages  outside  the 
breakwaters. 

3.6.1  Wind  and  Weather 


The  port  is  well  protected  from  waves  generated 
by  various  wind  regimes,  but  is  relatively  exposed  to  the 
infrequent  strong  winds.  The  anchorage  in  the  inner 
harbor  is  vulnerable,  and  two  anchors  may  be  required  in 
winds  to  50  kt.  If  50  kt  or  stronger  winds  are  expected, 
ships  should  move  from  the  inner  harbor  to  the  outer 
anchorages,  where  holding  quality  of  the  bottom  is  better 
and  bay  orientation  and  terrain  minimize  the  effects  of 
the  wind. 

3.6.2  Waves 

The  inner  harbor  is  well  protected  from  ocean 
waves  by  its  protective  breakwaters.  The  only 
significant  problem  with  waves  in  the  inner  harbor  are 
wind  waves  which  are  generated  by  strong  southwesterly 
winds.  Though  the  fetch  is  short — less  than  1/2  n  mi — a 
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chop  is  raised  in  the  harbor  as  the  waves  reflect  off  the 
faces  of  piers  and  sea  walls.  The  chop  is  sufficient  to 
create  hazardous;  conditions  for  small  boats  at  boat 
1 andings. 

The  anchorages  outside  the  breakwaters  are 
relatively  exposed  to  waves  from  the  southeast  quadrant, 
but  they  are  uncommon  because  large  scale  weather  regimes 
seldom  cause  strong  southeasterly  winds  at  Ibxza.  The 
anchorage  does  experience  the  3  ft  (about  1  m)  swell  that 
Mistral  winds  propagate  to  the  anchorage,  but  no  other 
hazardous  ocean  waves  are  identified. 

Table  3-1  provides  the  shallow  water  wave 
conditions  at  the  three  designated  points  when  deep  water 
swell  enters  the  harbor. 


Example:  Use  of  Table  3-1 . 

For  a  deep  water  wave  condition  of: 

S  feet,  12  seconds,  from  090* 

The  approximate  shallow  water  wave  conditions 
are: 

Point  1:  4-5  feet,  12  seconds,  from  115* 

Point  2:  4-5  feet,  12  seconds,  from  110* 

Point  3:  4-5  feet,  12  seconds,  from  090* 


Table  3-1.  Shallow  water  wave  directions  and  relative  height 
conditions  versus  deep  water  period  and  direction  (see  Figure 
3-3  (or  location  of  the  points). 


FORMAT:  Shallow  Water  Direction 

Wave  Height  Ratio:  (Shallow  Water/Deep  Water) 


IBIZA  POINT  1:  WT-1 _ Depth  45  ft 


!  Per i od  (sec ) 

6 

B 

10 

12 

14 

16  : 

!  Deep  Water 

Shallow  Water 

t 

1 

!  Direction 

Direction  and  Heiaht  Ratio 

1 

1 

1  060* 

085* 

090* 

115“ 

155* 

150* 

155*  ! 

• 

i 

.  3 

.  3 

•  3 

.  3 

.4 

.  4  : 

l 

i 

:  090* 

095* 

1 15* 

105" 

115* 

135" 

115*  ! 

» 

i 

.8 

.5 

.6 

.6 

.6 

.  5  : 

l 

i 

:  120* 

135° 

145* 

150* 

140* 

125* 

iso*  : 

• 

i 

i 

.  5 

.  5 

.5 

.  7 

.9 

.  7  : 

i 

■ 

:  iso* 

145* 

140* 

135* 

135" 

1  15* 

us*  : 

i 

i 

.8 

.  6 

.4 

6 

.  7 

.  7  : 

IBIZA  POINT  2: 

WT-2 

Depth  75  ft 

1  Period  (sec) 

6 

8 

10 

12 

14 

16  i 

!  Deep  Water 

Shallow  Water 

i 

» 

!  Direction 

Direction  and  Height  Ratio 

i 

» 

!  060* 

085* 

090* 

090* 

090* 

095* 

095*  ! 

.3 

.3 

.  3 

.  4 

.5 

.  5  : 

i 

!  090* 

095* 

090* 

100* 

1 10* 

1 10* 

i 

no*  : 

.  8 

.  9 

.  6 

.6 

.6 

.  5  ! 

:  120* 

120* 

120* 

120" 

120* 

110* 

i 

120*  : 

1.0 

.8 

.  8 

.  7 

.5 

.  6  ! 

1 

:  150* 

150* 

150* 

135* 

135* 

115* 

1 

1 15*  : 

.  9 

.8 

.  4 

.6 

.6 

.6  : 

WT-3 

Depth  60  ft 

!  Period  (sec) 

6 

8 

10 

12 

14 

16  : 

!  Deep  Water 

Shallow  Water 

• 

» 

!  Direction 

Direction  and  Heiaht  Ratio 

i 

i 

!  060* 

085" 

090* 

075* 

090* 

085* 

090*  : 

.  3 

.3 

.  5 

.  4 

•  5 

.  5  > 

!  090* 

090* 

090* 

090* 

090’ 

100* 

• 

i  is*  : 

1.0 

.8 

.  7 

.  6 

.6 

.6  : 

:  120* 

120* 

130* 

105* 

120* 

135* 

i 

125*  : 

.  9 

.8 

.  7 

.8 

.  7 

.  9  : 

!  150* 

150* 

150* 

135* 

135* 

115* 

t 

105*  : 

.9 

.8 

.4 

.6 

.7 

.8  ! 
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Situation  specific  shallow  water  wave  conditions 
resulting  from  deep  water  wave  propagation  are  given  in 
Table  3-1  while  the  seasonal  climatology  of  wave  con¬ 
ditions  in  the  harbor  resulting  from  the  propagation  of 
deep  water  waves  into  the  harbor  are  given  in  Table  3-2. 
If  the  actual  or  forecast  deep  water  wave  conditions  are 
known,  the  expected  conditions  at  the  three  specified 
harbor  areas  can  be  determined  from  Table  3-1.  The  mean 
duration  of  the  condition,  based  on  the  shallow  water 
wave  heights,  can  be  obtained  from  Table  3-2. 


Example;  Use  of  Tables  3-1  and  3-2 . 

The  forecast  for  wave  conditions  tomorrow 
(winter  case)  outside  the  harbor  are; 


8  feet,  14  seconds,  from  060° 


Expected  shallow  water  conditions  and  duration; 


Hei ght 
Per i od 
Direction 
Duration 


Point  1 
3-4  feet 
14  seconds 
from  150* 
17  hours 


Point  2 
4  feet 
14  seconds 
from  095* 
17  hours 


Point  3 
4  feet 
14  seconds 
from  085* 
17  hours 


Interpretati on  of  the  information  from  Tables  3-2 
and  3-3  provide  guidance  on  the  local  wave  conditions 
expected  tomorrow  at  the  various  harbor  points.  The 
duration  values  are  mean  values  for  the  specified  height 
range  and  season.  Knowledge  of  the  current  synoptic 
pattern  and  f orecast/expected  duration  should  be  used 
when  avai table . 

Possible  applications  to  small  boat  operations 
are  selection  of  the  mother  ship's  anchorage  point  and/or 
areas  of  small  boat  work.  The  condition  duration  infor¬ 
mation  provides  insight  as  to  how  long  before  a  change 
can  be  expected.  The  local  wave  direction  information 
can  be  of  use  in  selecting  anchorage  configuration  and 
related  small  boat  operations,  including  tending 
act i vi t i es. 
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Table  3-2.  Shallow  water  climatology  as  determined  -from  deep 
water  wave  propagation.  Percent  occurrence,  average  duration 
or  persistence,  and  wave  period  of  maximum  energy  tor  wave 
height  ranges  of  greater  than  3.3  ft  <1  m)  and  greater  than 
6.6  ft  (2  m)  by  climatological  season. 


IBIZA  POINT  Is  WT-1 

WINTER 

SPRING 

SUMMER 

AUTUMN 

!  >3.3  ft  (1  m) 

NOV-APR 

MAY 

JUN-SEP 

OCT 

!  Occurrence  (X) 

5 

4 

<<  1 

3 

!  Average  Dura-'  on  (hr) 

17 

12 

6 

10 

!  Period  Max  Energy (sec) 

10 

10 

9 

9 

!  >6.6  ft  (2  m) 

NOV-APR 

MAY 

JUN-SEP 

OCT 

1  Occurrence  (X) 

<<  1 

0 

0 

0 

!  Average  Duration  (hr) 

6 

NA 

NA 

NA 

!  Period  Max  Energy (sec) 

12 

NA 

NA 

NA 

IBIZA  POINT  2:  WT-2 

WINTER 

SPRING 

SUMMER 

AUTUMN 

!  >3.3  ft  (1  m> 

NOV-APR 

MAY 

JUN-SEP 

OCT 

!  Occurrence  ('/.) 

1  1 

9 

3 

13 

!  Average  Duration  (hr) 

17 

IB 

14 

27 

!  Period  Max  Energy (sec) 

9 

9 

8-9 

8-9 

!  >6.6  ft  (2  m) 

NOV-APR 

MAY 

OCT 

1  Occurrence  (X) 

2 

O 

0 

0 

!  Average  Duration  (hr) 

25 

NA 

NA 

NA 

!  Period  Max  Energy (sec) 

9 

NA 

NA 

NA 

IBIZA  POINT  3:  WT-3 

WINTER 

SPRING 

SUMMER 

AUTUMN 

:  >3.3  ft  (lm) 

NOV-APR 

MAY 

JUN-SEP 

OCT 

!  Occurrence  (X) 

1  1 

9 

3 

13 

Average  Duration  (hr) 

17 

19 

14 

28 

!  Period  Max  Energy (sec) 

9 

9 

B 

9 

!  >6.6  ft  (2  m) 

NOV-APR 

MAY 

JUN-SEP 

OCT 

!  Occurrence  (X) 

2 

0 

0 

0 

1  Average  Duration  (hr) 

31 

NA 

NA 

NA 

!  Period  Max  Energy (sec) 

1  1 

NA 

NA 

NA 
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Local  wind  wave  conditions  are  provided  in  Table  3-3  for 
Ibiza  Points  1,  2  and  3.  The  fetch  lengths  are  specifically 
for  Points  1,  2  and  3.  The  time  to  reach  the  fetch  limited 
height  assumes  an  initial  flat  ocean.  With  a  pre-existing  wave 
height,  the  times  are  shorter. 

Table  3-3.  Ibiza.  Local  wind  waves  for  fetch  limited 
conditions  at  Points  1,  2  and  3  (based  on  JONSWAP  model). 

Paintslj  2  iT 

Format ;  height  (f eet ) /per i od  (seconds) 

time  (hours)  to  reach  fetch  limited  height 


Direction  Local  Wind 

and\  Speed  (kt) 

Fetch  \ 


Lenath  \ 


(n  mi  ) 


Example:  Small _ boat  wave  forecasts  for  Point  2  (based ) 

on  the  assumption  that  swell  is  not  a  limiting 
condition) . 

Forecast  for  Tomorrow; 

Wind  Waves 

Time  (Forecast )  (Table  3-3) 

prior  to  0800  LST  light  and  variable  <  2  ft 

0800  to  1200  SSE  16-20  kt  2-3  ft 

1200  to  2000  SSE  22-26  kt  building  to 

3-4  ft  at  4  sec 
by  1300 

Interpretation:  Assuming  that  the  limiting  factor  is 
waves  greater  than  3  feet,  small  boat  operations  will 
become  marginal  by  1200  and  restricted  by  1300. 
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Combined  wave  heights  are  computed  by  finding  the 
square  root  of  the  sum  of  the  squares  of  the  wind  wavi 
and  swell  heights.  For  example,  if  the  wind  waves  were 
3  ft  and  the  swell  8  ft,  the  combined  height  would  be 
about  8.5  ft. 


y  33  +  8=  =  y  9  +  64  =  y73  =5=8.5 

Note  that  the  increased  height  is  relatively  small.  Even 
if  the  two  wave  types  were  of  equal  height,  the  combined 
heights  are  only  1.4  times  the  equal  height.  In  cases 
where  one  or  the  other  heights  are  twice  that  of  the 
other,  the  combined  height  will  only  increase  over  the 
larger  of  the  two  by  1.12  times  (10  ft  swell  and  5  ft 
wind  wave  combined  results  in  11.2  ft  height). 

3.6.3  Wave  Data  Uses  and  Considerations 

Local  wind  waves  build  up  quite  rapidly  and  also 
decrease  rapidly  when  winds  subside.  The  period  and, 
therefore,  length  of  wind  waves  is  generally  short  rela¬ 
tive  to  the  period  and  length  of  waves  propagated  into 
the  harbor  (see  Appendix  A).  The  shorter  period  and 
length  result  in  wind  waves  character i zed  by  choppy 
conditions.  When  wind  waves  are  superimposed  on  deep 
water  waves  propagated  into  shallow  water,  the  waves  can 
become  quite  complex  and  confused.  Under  such  condi¬ 
tions,  when  more  than  one  source  of  waves  is  influencing 
a  location,  tending  or  joint  operations  can  be  hazardous 
even  if  the  individual  wave  train  heights  are  not 
significantly  high.  Vessels  of  various  lengths  may  re¬ 
spond  with  different  motions  to  the  diverse  wave  lengths 
present.  The  information  on  wave  periods,  provided  in 
the  previous  tables,  should  be  considered  when  forecasts 
are  made  for  joint  operations  of  various  length  vessels. 
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3.7 


Protecti ve/Mi ti gating  Measures 


3.7.1  Sortie/Remain  in  Port 

Bicauu  of  the  shallow  depths,  U.S.  Navy  ships  do 
not  inter  the  inner  harbor .  Vessels  that  do  moor  in  the 
inner  harbor  should  be  able  remain  unless  winds  of  30  kt 
or  greater  are  forecast  or  occur.  Additional  mooring 
lines  may  be  required. 

3.7.2  Moving  to  a  New  Anchorage 

Vessels  that  anchor  in  the  inner  harbor  should  be 
able  to  remain  in  winds  to  50  kt.  Two  anchors  may  be 
required.  If  winds  of  50  kt  or  greater  are  forecast  or 
occur,  anchored  vessels  should  move  to  the  outer 
anchorage  where  holding  is  better.  Vessels  in  the  outer 
anchorage  should  not  need  to  move  to  a  new  anchorage 
under  any  foreseeable  circumstance. 

3.7.3  Schedul i nq 

Because  the  Port  of  Ibiza  is  not  subject  to  many 
hazardous  weather  events,  scheduling  problems  are  limited 
to  avoiding  the  strongest  daily  sea  breezes  during  the 
period  May  through  October.  If  calm  or  near  calm 
conditions  are  required  for  an  evolution,  it  should  be 
scheduled  for  early  morning  or  late  evening.  Afternoon 
hours  should  be  avoided.  Major  weather  events,  such  as 
strong  southwesterly  or  northwesterly  winds,  are  limited 
to  the  autumn,  winter,  and  spring  seasons. 

3 . 8  Local  Indicators  of  Hazardous  Weather  Cond i tions 


The  Port  of  Ibiza  has  limited  vulnerability  to 
hazardous  weather,  but  it  is  prudent  to  be  aware  of 
forthcoming  weather  events.  The  following  guidelines 
have  been  extracted  from  various  sources,  including  on- 
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site  interviews  with  local  authorities.  They  are 
intended  to  provide  additional  insight  to  the  Fleet 
meteorologist,  and  enable  him  to  recognize  events  that 
portend  changes  in  weather  conditions. 


3.8.1  Hi stral 


Northeaster 1 y  Mistral  winds  reach  the  Ibiza 
anchorage  about  -four  times  each  winter.  Speeds  are 
usually  in  the  15-20  kt  range,  but  can  reach  30-40  kt. 
The  following  is  an  abbreviated  list  of  Mistral 
guidelines  that  apply  to  the  Medi terr anean  area  in 
general  (from  Brody  and  Nestor,  1980).  If  a  more 
complete  listing  is  desired,  refer  to  the  accompanying 
NEPRF  Severe  Weather  Guides  for  Marseille  or  Toulon, 
France. 

1 .  Causes 

The  Mistral  is  the  result  of  a  combination  of  the 
following  factors: 

(a)  The  basic  circulation  that  creates  a 
pressure  gradient  from  west  to  east  along  the  coast  of 
soutnern  France.  This  pressure  gradient  is  normally 
associated  with  Genoa  cyclogenesis. 

(b)  A  fall  wind  effect  caused  by  cold  air 
associated  wit  the  Mistral  moving  downslope  as  it 
approaches  the  southern  coast  of  France  and  thus 
increasing  the  wind  speed. 

(c>  A  jet  effect  wind  increase  caused  by 
the  orographic  conf i gur at i on  of  the  coastline.  This 
phenomenon  is  observed  at  the  entrance  to  major  mountain 
gaps  such  as  the  Carcassone  Gap,  Rhdne  Valley,  and 
Durance  Valley. 

(d)  A  wind  increase  over  the  open  water 
resulting  from  the  reduction  in  the  braking  effect  of 
surface  friction  (as  compared  to  the  braking  effect  c  r 
1  and ) . 

2.  Onset 

(a)  A  Mistral  generally  sets  in  when  a 
surface  front  or  trough  passes  Perpignan  (07747),  or  the 
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500  mb  trough  passes  B_rdeaux  (07510) .  (Note:  These  two 
events  are  expected  to  occur  nearly  simultaneously.) 

(b)  Mistral  onset  in  the  Gulf  of  Lion 
occurs  almost  simultaneously  with  the  formation  of  Genoa 
lows. 

(c)  If  a  500  mb  trough  extends  from 
central  Europe  southward  over  North  Africa,  a  surface  low 
from  Algeria  may  propagate  northward,  intensify  in  the 
Gulf  of  Genoa,  and  initiate  a  Mistral. 

(d)  If  a  500  mb  cut-off  low  forms  over 
northeast  France  and  produces  a  northwester 1 y  flow  at 
500  mb  over  the  south  coast,  a  Mistral  may  occur,  even 
though  500  mb  wind  speeds  do  not  reach  50  kt  and  the  jet 
axis  is  located  far  to  the  west  and  south. 

(e)  The  Mistral  wi 1 1  start  when  any  one 
of  three  surface  pressure  differences  is  achieved 
(highest  pressure  to  the  west):  Perpignan  -  Marignane 
(Marseille),  3  mb;  Marignane  -  Nice,  3  mb;  or  Perpignan  - 
Nice,  6  mb.  A  difference  usually  occurs  within  24  hours 
after  a  closed  Genoa  low  appears,  but  it  occasionally 
occurs  earlier. 

<f)  Wave  clouds,  such  as  observed  on 
high-resolution  Defense  Meteorological  Satellite  Program 
(DMSP)  satellite  imagery,  are  observed  to  form  over  the 
Massif  Central  of  southern  France  approximately  6  hours 
before  the  start  of  a  Mistral. 

(g)  Lus  La  Croix  Haute  (07587)  will 
provide  a  two  to  three  hour  advance  notice  of  Mistral 
onset.  The  wind  speed  will  closely  approximate  the  wind 
speed  in  the  Gulf.  (Note:  Usefulness  of  this  station  is 
limited  because  it  only  reports  every  three  hours.) 

(h)  Orange  (07579)  gives  a  good  three  to 
four  hour  warning  of  a  gale  force  Mistral  when  winds  at 
this  station  increase  to  northwesterly  25  kt.  Hourly 
reports  are  available. 

(i)  It  is  possible  to  forecast  the  onset 
of  a  Mistral  in  the  Gulf  of  Lion  by  observing  changes  in 
the  normally  strong  afternoon  sea  breeze  (east-south- 
easterly)  direction  at  Perpignan.  If  the  wind  at  this 
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station  shifts  to  northerly  with  speeds  increasing  to  25- 
30  kt,  and  the  temperature  drops  at  least  3*F,  a  strong 
Mistral  <40-50  kt>  will  be  blowing  in  the  Gulf  of  Lion 
within  six  hours. 

3.  Intensity 

<a)  Strongest  winds  associated  with  a 
Mistral  do  not  occur  until  after  the  passage  of  the 
500  mb  trough.  This  usually  occurs  well  after  the 
surface  cold  frontal  passage. 

(b)  Satellite  observations  indicating  a 
strong  Mistral  will  exhibit  the  following  features: 
cloudy  over  France  and  clear  over  the  water  area  south  of 
the  1,000  ft  water  depth  contour;  clear  over  the  Gulf  of 
Lion  except  for  a  cloud  mass,  parallel  to  the  coast, 
lying  75-150  n  mi  offshore;  and/or  wispy  cloud  streaks 
extending  from  315*  to  360*  into  offshore  clouds. 

<c)  Wave  clouds  extending  from  Sardinia 
to  Tunisia,  viewed  on  satellite  imagery,  are  generally 
associated  with  gale  force  Mistral  situations. 

<d)  Maximum  Mistral  winds  occur  when  the 
surface  isobars  are  at  an  angle  of  30*  to  the  valleys  of 
either  the  Garonne,  the  RhOne,  or  the  Durance,  with  low 
pressure  to  the  southeast. 

<e)  The  information  below  can  be  used  to 
estimate  wind  speed  associated  with  a  Mistral  in  the  Gulf 
of  Lion. 


Pressure 

Di  f f erence 
(mb ) 

Perpignan*  (station 
07747)  and  Nice 
(station  07690) 

Perpignan*  and 
Mari gnane 
(station  07650) 

Mar i gnane** 
and  Nice 

3 

30-35  kt 

30-35  kt 

4 

40 

40 

5 

45-50 

45-50 

6 

30-35  kt 

8 

40 

10 

45-50 

* 

Hi ghest 

pressure 

at 

Perpignan 

*# 

Hi  ghest 

pressure 

at 

Mar i gnane 
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<■ f )  A  good  indication  of  the  intensity  of 
a  Mistral  in  the  Gulf  of  Lion  can  be  obtained  by  adding 
10  kt  to  the  wind  speed  reported  by  either  Montpelier 
<07643)  or  Istres  (07647). 

<g>  If  the  500  mb  winds  reported  at 
either  Bordeaux  (07510)  or  Brest  (07110)  are  north- 
we=*  ’  y  at  65  k*-  g  re^tor,  storm  force  rir'j-:  _ 
indicated  for  the  Gulf  of  Lion. 

(h)  Wind  speeds  over  open  water  during  a 
Mistral  will  be  approximately  double  those  measured  at 
Perpignan  or  Marignane  (Marseille)  except  in  storm 
conditions,  when  the  ratio  will  be  lower. 

4.  Duration 

(a)  A  strong  Mistral  may  last  for  as  many 
as  twelve  days  without  any  important  lulls.  The  mos* 
frequent  length  of  an  occurrence  is  about  3  1/2  days 
(Meteorological  Office,  Air  Ministry,  1962). 

<b)  The  Mistral  will  cease  when  the 
cyclonic  regime  at  the  surface  gives  way  to  an 
anticyclonic  regime.  Indications  of  this  change  include: 

(1)  The  500  mb  ridge  beginning  to 
move  over  the  Mistral  area. 

(2)  High  pressure  at  the  surface 
begins  to  move  into  the  western  basin  of  the 
Medi terranean . 

(3)  There  is  a  change  that 
reduces  the  pressure  difference  between  France  and  the 
western  basin. 

5.  Local  Indicator  - 

The  fallowing  guiu  _=  were  related  by  local 
authorities  at  the  Port  of  Ibiza. 

(a)  Dolphin-shaped  cirrus  on  the  northern 
horizon  which  are  red  at  sunset  is  an  indicator  of  a 
Mistral  beginning  in  eight  to  twelve  hours. 

(b)  A  Mistral  will  begin  in  24  hours  if 
visibility  becomes  extremely  good,  with  many  stars 
brightly  visible  at  night,  after  the  passage  of  a 
rainstorm  from  the  Iberian  Peninsula.  (Note:  This 


3-20 


guideline  is  similar  to  the  one  described  in  3.8.1.2(a), 
except  that  the  front  has  apparently  passed  Ibiza  rather 
than  Perpignan,  France.) 

Southwesterly  Winds 

Southwesterly  winds  have  minimal  effect  on  the 
anchorage,  but  a  strong  event  can  raise  a  hazardous  chop 
in  the  inner  harbor.  The  following  guidelines  were 
related  by  local  authorities  at  the  Port  of  Ibiza. 

1.  If  the  water  level  is  rising  in  the  inner 
harbor  at  sunrise,  southwesterly  winds  and  light  rain 
will  occur  during  the  day. 

2.  When  northerly  winds  die  at  sunset,  the  wind 
will  be  southerly  the  following  day. 

Summary  uf  Problems,  Actions,  and  Indicators 

Table  3-4  is  intended  to  provide  easy  to  use 
seasonal  references  for  meteorologists  on  ships  using  the 
Port  of  Ibiza.  Table  2-1  (section  2)  summarizes  Table  3- 
4  and  is  intended  primarily  for  use  by  ship  captains. 


This  page  intentionally  left  blank. 


3-22 


Table  3-4. 


Potential  proble 


VESSEL 

LOCAT I ON/S I TUAT I ON 

POTENTIAL  HAZARD 

EFFECT  -  F'RECAU' 

1.  Aachrtd  -  inner  harbor. 

a.  SK'ly  ninds/uaves  -  Caused  1-2  tues  per 

a.  Although  bottoi  quality  is  laci 

M#*t  cotton  in  Ninter 

Occur*  in  Spring  t 

Autum 

year  by  lot  pressure  systets  ehich  pass 
through  Steal t  of  Bibralt»r  and  *ove  NE  along 
£  caasi  ut  Spain,  hinds  to  25  kt  raise  a  sea 
in  inner  narbor  which  creates  a  chop  hazardous 
to  toared  vessels  and  boat  landings. 

cause  anchor  dragging.  Boat  runs 

Usual  1 y  occurs  during  last 
ft*  days  of  calendar  year. 

b.  Ni'ly  mnds  -  Strong  occurrences  are 
passible:  70  kt  gusts  nave  been  recorded 
on  isolated  instances  at  airport.  May  be 
caused  by  Mistral-like  Cierzo  conditions 
during  *fuch  strong  Kinds  flo*  sea»aro 
through  Ebro  Valley  in  ME  Spam,  May  folio* 
cold  frontal  passage. 

b.  Anchor  dragging  is  possible 
Kind  is  expected  to  reach/exceed  1 
*here  holding  is  better. 

2.  Anchored  -  outer  harbor. 

a,  Mistral  *inds/*aves  -  Mistral  Kinds  reach 

a.  The  noraal  '5-20  kt  winds  haue 

Winter  only 

anchorage  as  NE  15-20  kt.  Kith  unusually 
strong  events  attaining  35-AO  kt.  Attendant 
s*eii  *LSt  '•efcact  around  E  side  o<  island  to 
reach  Port  so  wave  height  is  limited  to  C  ft 

1  about  1  •!.  Major  upact  is  on  snail  boat 
operations. 

but  anchor  dragging  is  possible  i 
be  required  to  avoid  dragging.  S< 
vessels,  but  stall  boat  runs  to/* 

Host  cotton  in  Winter 

Occurs  in  Spring  5t 
Aututn 

b.  SWTy  winds/waves  -  Caused  1*2  tides  per 
year  by  io*  pressure  systeas  which  pass 
through  Strait  c*  Sibraltar  ant  move  NE  along 

E  coast  o*  Spain,  hind  velocity  nay  reach 

25  kt.  Configuration  of  bay/ternum  immure 
effect  at  anchorage.  Major  effect  is  limited 
to  Kind  *ave  upact  or  snail  boat  operations. 

b.  Little  effect.  Wind  #aves  aay 
harbor. 

Usually  occurs  during  last 
fe*  days  of  calendar  year. 

c.  NK'Iy  Kinds  -  StronQ  occurrences  are 
possible:  73  It  gusts  have  been  recorded 
on  isolated  instances  at  airport.  Ma»  be 
caused  by  Mistral-iike  Cierzo  conditions 
during  *hi:h  strong  Kinds  flo*  seaward 
through  Ebro  Valiev  in  NE  Spam.  May  'cUo* 
cold  trontei  passage. 

c.  Anchor  dragging  is  possible,  b 
waves  lay  cause  interruptions  in 

problem  situations  at  Port  of  Ibiza,  Ibiza. 


PRECAUTIONARY/EVASIVE  ACTIONS 


ADVANCE  INDICATORS  AND  OTHER  INFORMATION 
ABOUT  POTENTIAL  HAZARD 


uality  is  lacking,  wind  ttrennhh  wM*jld  not  be  sufficient  ‘o  EX'ly  winds  should  he  expected  whenever  a  low  pressure  systet  »oves  through 

q.  boat  runs  to/frot  anchorage  *ay  tie  led.  the  Strait  of  Eibraitar  and  toves  NE  along  the  E  coast  o*  Spam,  Local 

indicators  of  *orthcoting  Sb  winds  include: 

(li  If  the  water  level  is  rising  in  the  inner  harbor  at  sunrise,  Sb'lv 
winds  and  light  ram  will  occur  during  the  day. 

(21  bhen  N'ly  winds  die  at  sunset,  Sly  winds  will  occur  the  following  day. 


a  possible.  Deplayiert  of  2  anchors  eay  be  required.  If 
each/exceed  50  kt,  vessels  should  »ove  to  outer  anchorage 
ter. 


b.  Ni'iy  winds  should  be  expected  whenever  ;  strong  Mistral  situation  is 
developing.  Strong  Nb  winds  are  most  likely  during  the  last  few  davs  of 
December. 


t  winds  have  no  significant  effect  on  anchored  vessels, 
s  possible  if  winds  approach  35-40  kt.  Tmo  anchors  lay 
Dragging.  Swell  waves  should  have  no  effect  on  anchored 
at  runs  to/froe  inner  harbor  eay  be  curtailed. 


d  waves  eay  upact  seall  boat  operations  to/froe  inner 


1  a.  The  foilowino  is  an  abbre-iated  listing  of  the  eanv  guidelines  available  tha 
I  a4d  m  forecasting  the  onset,  intensity,  and  duration  of  Nismal  events,  fern'- 
|  to  section  S.3.1  of  the  accompanying  text  for  a  more  coeplete  listing. 

(1  Causes.  Hi  steal  winds  resu.t  mom  a  co*Dination  c*  several  factors, 
including; 

a)  A  »  to  E  pressure  gradient  along  the  coast  of  S  France, 
o  Cold  am  moving  dowm'ope  toward  the  5  coast  of  F'ar.ce. 

c  A  jet  effect  resulting  fro»  am  «ovmg  through  gaps  anc  valleys  m 
mountains  'ear  the  coast. 

d;  A  wind  increase  over  open  water  due  to  a  lessening  of  sur*ace 

friction. 

.21  Onset. 

Ta-  Mistral  onset  m  the  6ulf  of  Lion  occurs  almost  simultaneously  wit 
the  formation  of  low  pre65ure  centers  m  the  Sul*  of  6enoa. 

•t;  A  *ti st ' al  generally  sets  in  when  a  surface  front  or  trough  passes 
perpignan  ■  0 ’ " 4 ?)  pr  ye,  *w  trcug1'  passes  Bordeaux  =  075 10f . 

c,  Th?  Mistral  will  start  whe'  one  of  th'ee  surface  pressure 
differences  is  achieved;  Perpignan  -  "angnane  ' Mar sei lie.  3  mb;  Mangnare  - 
Nice.  3  mb;  or  =erpigwan  -  Nice  c  mb.  A  difference  usual lv  occurs  within  C4  ~r 
after  a  closed  3enoa  low  appears,  tut  it  occasionai'y  occurs  sourer. 

3!  Intensity . 

T"  ut'ongest  winds  associated  with  a  Mistrai  do  not  occm  jrtil  af*.er 
the  passage  of  the  500  mb  ‘rough. 

'■  A  good  indication  of  '.he  intensity  a  Mistral  m  the  5u!4  s* 

..i on  car  obtained  bv  adding  10  > :  to  the  wmd  speed  reported  by  either 
Montpelier  i()T643!  cr  2 s t r es  ■  07647 > . 

A  Duration. 

TJ5  ’To  most  ‘requent  length  c,r  a  Mistral  is  3.5  davs,  but  a  smc-g 
J  Mist'al  »av  last  -or  1C  days. 

ib  Th?  Mistral  will  cease  when  the  cvclon:;  'eg:*e  a*,  the  surface 
give;  wav  to  ar  articyclcuc  regime. 

Ti  Local  indicators. 

Fa  Delphi n-sTaped  cirrus  or.  tie  N  ho'izcr  whic"  are  *ed  at  sunset 
is  an  indicator  of  a  Mismai  oegurmc  m  9-12  h-, 

t)  A  Mistral  Will  begin  m  2*  ‘r  visibility  becomes  e'-t'ere.v  coed 
wit"  mar-,  stars  visible  at  night,  a*ter  t"e  pawsaie  of  a  'amstor*  <rpr  tke 
Iberiar  Penmsula. 

b.  Sb  ly  wmds  should  be  expected  whenever  a  low  p-essu'?  system  move;  mrg.yg- 
the  St'ait  of  Gibraltar  anc  scvc-s  NE  along  the  E  coast  m  Soam,  uocal 
indicators  of  forthcoming  5b  winds  include: 

•!  the  water  level  is  rising  ir  t*e  m--er  harbor  at  sun'ise,  5b  1, 
wmes  and  light  ram  will  occur  during  the  day. 

•2:  bhen  N'ly  winds  die  at  smset,  5  1>  wmds  will  oc:.,r  the  *cli:*mc  3 a v . 


possible,  but  2  anchors  on  good  bottom  should  hold,  bind 
uptions  in  stall  boat  operations  to/froa  inner  harbor. 


c.  Nb'iy  wmds  should  be  expected  whenever  a  st'erg  Mist'al  sm.uatic"  :s 
developing.  St-ong  Nb  wmds  are  most  1 1 •  e I during  me  last  few  davs  c* 

Decetber , 
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Mcst  ccmoh  in  Nmter  c.  Sn  I y  wind; waves  -  Caused  1-2  dees  pe' 

Occurs  if  Spring  1  vear  by  low  :re5cJre  sisters  which  pass 

Aututn  through  St-ai t  c*  Sibraitar  a**d  *c»e  *E  along 

E  coast  p-  Spain.  Kind  velocity  »a.  reacf 
25  fct.  Configuration  of  tartemam  « i r i * i : e 
e;fect  at  outer  anchorage,  but  winds  -aise  a 
sea  in  inner  harbcr  which  creates  a  chop 
harardou5  to  roored  vessels  a"c  boa*, 
landings. 

usually  occurs  during  last  c.  SH'iy  winds  -  Strong  occ.r-ences  are 

few  cays  o*  calendar  vear.  possible;  To  kt  gusts  have  bee-  recorded 

on  isolated  instances  at  e:rport.  "av  be 
caused  tv  Kistrai-i  ike  2ierzc  conditions 
during  which  strong  winds  flow  seawar: 
throush  Ebro  vallee  in  VE  Spam,  wa,  ;:Tcw 
cold  frontal  passage. 


i 

i 


i 


b,  Inbound  vessels  should  not  encoi 
Nooring/anchoring  should  be  possib 
I  to/froi  anchored  vessels  eay  not  Oi 
|  waves/chop.  Outbound  units  should 
|  once  iee  of  Ibiza  and  adjacent  is,, 

j 


c,  If  wind  is  strong,  inbound  unit1 
j  Strong  event  can  cause  anchor  drag; 
!  harbor.  Two  anchors  lay  be  requir; 
j  50  kt,  vessels  should  not  atteipt  I 
should  ekperience  no  difficulty  ont 
!  aware  of  probable  increased  wave  hi 


(C 
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(Continued ) 
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aboi 

hf  c  i* 
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CAUTIONAKY/tVASIVE  ACTIONS 


ADVANCE  INDICATORS  AND  OTHER  INFORMATION 
ABOUT  POTENTIAL  HAZARD 


not  encounter  significant  problees  near  Ibiza  Anchor 
:rong  event.  Saall  boat  operations  to/froe  outer 
d  due  to  3  ft  (about  1  a)  eaves.  Outbound  units  should 
eased  nave  heights  once  lee  of  Ibiza  is  lost. 


a.  The  -following  is  an  abbreviated  listing  of  the  many  guidelines  available  that 
aid  in  forecasting  the  onset,  intensity,  and  duration  of  flistra!  events.  Refer 
to  section  3.E.1  of  the  accompanying  text  for  a  sore  coeplete  listing. 

(II  Causes.  *istrai  mods  result  froa  a  combination  of  several  ’actors, 


including: 

‘a  A  N  to  E  pressure  gradient  along  the  coast  of  S  franco. 

:b;  Cold  air  moving  downslope  tomard  the  S  coast  of  France. 

:c!  A  ;et  effect  resulting  from  ai'  roving  through  gaps  and  valleys  i" 
mountains  near  the  coast. 

'd!  A  «ind  increase  over  open  eater  due  to  a  lessening  of  surface 
friction. 

•'C  Onset, 

•■a  Mistral  onset  i"  the  3uW  o<  uior  occurs  almost  simultaneously  mth 
the  formation  3l  !oh  pressure  centers  m  the  Gulf  of  Genoa. 

it'  A  htstral  generally  sets  in  nhen  a  surface  front  or  trough  passes 
Perpignan  (O'/*7:  or  the  500  mb  trough  passes  Bordeaux  (07510!. 

•cl  The  Mistral  mill  start  nhen  one  of  three  surface  pressure 


I  differences  >s  achieved:  Perpignan  -  harignane  War  sell  lei,  C  mb;  hangnane  - 
Nice,  :•  mb;  or  Perp:gnan  -  Nice  i  mb.  A  difference  usually  occurs  w : t m i "  If  *' 

after  a  dosed  Genoa  .oh  appears,  but  it  occasional  1  v  occurs  sooner, 

: 3 ’  Intensi ty . 

a:  Strongest  Hinds  associated  with  a  Mistral  do  not  occur  until  after 
the  passage  of  the  500  mb  trough. 

b-  A  good  indication  of  the  intensity  of  a  rlistral  in  the  Gd*  z* 

.ion  can  ae  obtained  by  addirg  iv  it  to  the  nine  spied  reported  by  either 

>,c"tpel:e'  < v ' o 4 7 -  or  .stres  i 'em/  . 


f  Durado-. 

"a  ’he  most  frequent  length  of  a  h;;tral  is  7.5  dave.  Cut  a  strong 
Mistral  may  last  far  12  days. 

••o'  The  Mistral  mil  cease  nhe-  the  cyclonic  regime  at  tse  solace 
gives  Ha.  to  an  ant:cvclop:c  regime. 

O'  Local  indicate:  S. 

'a.-  hdphin-shaped  cirrus  on  fe  N  Kcr:::i'  which  a'e  reS  at  sunset 
is  an  indicator  o{  a  listral  beginning  6-12  hr. 

•  S’  A  Mist'al  mil  begin  ,r  .4  nr  <j  visibility  becomes  e:-tre#ely  gcoc. 
j  Hitn  *anv  stars  visible  at  night,  a^te'  the  passage  o*  a  rainstorm  *r0e  the 
j  Iberia-  Sen>'sula. 


iib.e 

varp 


.ret  encounter  significant  problems  near  Ibiza. 

1  possible  mthout  difficulty.  Small  boat  operations 
iv  not  be  feasible  until  wind  subsides  due  to  mnd 
.  should  be  auare  of  probable  increased  »ave  heights 
islands  S  of  Ibiza  is  lost. 


b.  5W  iv  Hinds  should  be  expected  whenever  a  low  pressure  system  moves  f’rcuq*' 
the  Strait  c*  Gibraltar  and  moves  NE  along  the  E  coast  o<  Span.  wocai 
indicators  n i  forthcoming  SW  Hinds  include: 

'I  n  the  Hater  level  is  rising  n  the  inner  harbor  at  s.nrise.  5k  I\ 

Hinds  and  light  ran  will  occur  during  the  cav. 

■2  Khen  Viv  Hinds  die  at  sunset,  :  iv  «nas  w; i :  occur  »y.e  following  pay, 


no  oe 
esoei 
If  •: 
:hor 
>  inns 
;  onc'-mJ 


no  units  should  delay  arrival  until  it  weakens. 

Jor  dragging,  especially  on  inferior  bottom  of  inner 
required.  If  wind  is  expected  to  reach/exceed 
•empt  to  anchor  in  the  inner  harbor.  Outbound  units 
ity  once  the  inner  harbor  is  cleared,  but  should  be 
nave  heights  once  lee  of  Ibiza  is  lost. 


;.  NN  Iv  Hinds  sho-id  be  expected  »*-e,'ever  a  strong  Mistral  situation  is 
developing.  St' ung  Nk  ninp;  are  most  life!'  dnng  the  last  few  davs  of 
Jec°»her. 


Table 


Cont 


"os'  common  in  winter 
Occurs  in  Spring  i 
Autumn 


usually  occurs  Curing  last 
;e«  da  s  of  cal  end  a'  year. 


b.  S lw  i y ^ wincs/waves  -  Caused  1-0  tues  per  g,  [hop  created  by  wind  waves  in  inrer  ".artor  nav 

vear  bv  low  pressure  systems  which  pass  unsafe.  Strong  event  «av  raise  a  nazardcus  sea  . 

through  Strait  o*  Si  or  al tar  and  move  NE  along  runs  to/from  the  inner  harbor  and  arcnored  vesse. 

0  coast  ot  Spain.  Kinds  to  25  kt  raise  a  sea  I 
in  inner  ha'bor  which  creates  a  hazardous 
chop  at  boat  landings  ana  moored  vessels. 

Ci  ^  ly  winds  -  Strong  occurrences  are  c.  Kmc  waves  in  cuter  harbor  #av  »ate  s*ai.  oca- 

possible:'  70  kt  qusts  have  been  recorded  unsate. 

on  isolated  instances  at  airport.  Nav  be 

caused  bv  flistral-nke  Cierzc  conditions 

during  wnich  strong  winds  flow  seaward  through 

Ebro  Valley  in  NE  Spam,  flay  follow  cold 

<rontai  passage.  Kind  waves/chop  which  can  be 

hazardous  to  small  boat  operations  in  inner 

and  outer  harbors  *av  be  raised. 


Conti nued ) 


Iry/evasive  ACTIONS 


ADVANCE  INDICATORS  r,ND  OTHER  INFORMATION 
ABOUT  POTENTIAL  HAZARD 


nt  g*  snail  boat,  operations  to/Ro# 


a.  The  following  is  an  abbreviated  listing  ot  the  »anv  Guidelines  available  that 
aid  in  forecasting  the  onset,  intensity,  and  duration  cl  Mistral  events.  Sefer 
to  section  3,5.1  ol  the  accoapar.-i-j  text  for  a  tore  complete  'isti'.g, 

•  1?  Causes.  Xist'al  ends  -esc...  *rcs  a  conbinaticn  of  several  ♦actc-'s, 
including: 

ia‘  A  «  to  E  pressure  gradient  alone  the  coast  of  5  -rente, 
b-  Cold  air  eoving  ccwnslcpe  tewar:  the  S  coast  ot  France. 

'C  A  jet  effect  resulting  fro*  an  noting  through  gaps  and  valleys  n 
•contains  near  the  coast. 


friction. 


:i'i  A  mnd  increase  over  epe^  water  due  to  a  lessening  o;  su^ace 


■■  2  ?  Onset, 

la T  Nstrai  onset  :r  the  Seif  cion  occurs  aiicst  siaultanecusly  with 
the  fomation  a*  low  pressure  centers  in  the  Gu.’  of  Genoa. 

i b )  A  Mistra.  generally  sets  in  when  a  surface  front  or  trough  passes 
Perpignan  07’4Y  o-  the  500  *5  trough  oasses  Borceau-  <07510*. 

■  c’  ’he  Mistral  will  start  when  one  cf  three  surface  pressure 
differences  is  achieved:  ferpigran  -  Mangnane  ■Marseille.1,  3  *b;  Marigwe  - 
Nice,  3  «b;  cr  ferp:gnan  -  Nice  c  it.  A  difference  usually  occurs  wi'hir.  34  hr 

after  a  closed  Ge-oa  _cw  appears,  but  it  occasionally  oc:-':  ::nner. 

1 3 1  htensity. 

'a'  Strongest  winds  associated  with  a  Mist-al  do  net  o.cur  ^ntii  after 
the  passage  of  the  300  at  trougn. 

't ■  A  good  indication  of  fe  intensity  of  a  Mistral  m  the  Buif  of 

;  uion  can  be  obtained  by  adding  u  *t  to  the  wind  speed  reported  py  either 

|  Montpelier  (07643!  cr  1st r es  ’0?fe4?.'. 

4'  Duration. 


3 - : r  *av  sake  s#all  boat  operation 
1c  sea  in  the  outer  anchorage,  and  take 
it  vessels  unsafe. 


TIT  TFe  sost  frequent  length  of  a  Mistral  is  3.5  days,  but  a  stronq 
|  Mistral  *av  last  for  13  days. 

I  rhe  Mistral  will  cease  when  the  cyclonic  regi»e  at  the  surface 

!  gives  way  to  an  anticvcioni;  reg>«e, 

I  '51  L0C_al  indicators. 

j  *3^  ToTpHTn-shaped  cirrus  on  the  N  hc'icon  which  are  red  at  sunset 

is  ar,  indicator  of  a  M:stral  beginning  n  6-12  hr, 

'b:  A  "istrai  will  begin  m  *4  hr  p  visibility  becotes  e»fe«eiv  good, 
with  «any  stars  visible  a*,  night,  after  i^e  passage  of  a  ramstori  fro*  the" 
Iberian  Peninsula, 

5.  5b  iv  wmds  shouia  be  expected  whenever  a  low  pressure  syste»  #oves  tkrojgn 
the  strait  of  5;Sraitar  and  soves  NE  along  the  E  coast  of  Spain,  coca! 
indicators  C*'  forthcoming  SM  winds  include: 

il;  H  tie  water  level  is  rising  in  tke  inner  harbor  at  Sunrise,  5»  lv 
winds  and  light  rjm  will  occur  durrg  the  day. 

■  I'  When  N Tv  winds  die  at  sunset,  5  iv  winds  will  0CCur  the  following  day. 


. .  ocat  operation  tor  Pro*  inner  harbor 


c,  Nbiy  wmds  should  be  expected  whenever  a  strong  Mistral  situation  is 
developing,  strong  Nb  winds  are  sost  likely  during  the  last  *ew  days  of 
December. 
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PORT  VI SI T  INFORMATION 

MAY  1987.  NEPRF  meteorologists  D.  Perryman  and  R.  Miller 
met  with  the  Port  Captain,  Chief  Pilot  and  Spanish 
Meteorologist  to  obtain  much  of  the  information  used  in 
this  port  evaluation. 
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APPENDIX  A 


General  Purpose  Oceanographic  In-formation 

This  section  provides  general  information  on  wave 
■forecasting  and  wave  climatology  as  used  in  this  study. 
The  -forecasting  material  is  not  harbor  specific.  The 
material  in  paragraphs  A.  1  and  A. 2  was  extracted  -from 
H.Q.  Pub.  No.  603,  Practical  Methods  -for  Observing  and 
Forecasting  Ocean  Waves  (Pierson,  Neumann,  and  James, 
1955).  The  information  on  fully  arisen  wave  conditions 
(A. 3)  and  wave  conditions  within  the  fetch  region  (A. 4) 
is  based  on  the  JQNSWAP  model.  This  model  was  developed 
from  measurements  of  wind  wave  growth  over  the  North  Sea 
in  1973.  The  JONSWAP  model  is  considered  more 
appropriate  for  an  enclosed  sea  where  residual  wave 
activity  is  minimal  and  the  onset  and  end  of  locally 
forced  wind  events  occur  rapidly  (Thornton,  19S6),  and 
where  waves  are  fetch  limited  and  growing  (Hasselmann,  et 
al . ,  1976).  Enclosed  sea,  rapid  onset/subsiding  local 

winds,  and  fetch  limited  waves  are  more  representative  of 
the  Medi terranean  waves  and  winds  than  the  conditions  of 
the  North  Atlantic  from  which  data  was  used  for  the 

Pierson  and  Moskowitz  (P— M)  Spectra  (Neumann  and  Pierson 
1966).  The  P-M  model  refined  the  original  spectra  of 
H.O.  603,  which  over  developed  wave  heights. 

The  primary  difference  in  the  results  of  the 

JONSWAP  and  P-M  models  is  that  it  takes  the  JONSWAP  model 
longer  to  reach  a  given  height  or  fully  developed  seas. 

In  part  this  reflects  the  different  starting  wave 

conditions.  Because  the  propagation  of  waves  from 
surrounding  areas  into  semi -end osed  seas,  bays,  harbors, 
etc.  is  limited,  there  is  little  residual  wave  action 
following  periods  of  locally  light/calm  winds  and  the  sea 
surface  is  nearly  flat.  A  local  wind  developed  wave 
growth  is  therefore  slower  than  wave  growth  in  the  open 
ocean  where  some  residual  wave  action  is  generally  always 
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present.  This  slower  wave  development  is  a  built  in  bias 
in  the  formulation  of  the  JONSWAP  model  which  is  based  on 
data  collected  in  an  enclosed  sea. 

A. 1  Def i ni ti ons 

Waves  that  are  being  generated  by  local  winds  are 
called  " SEA " .  Waves  that  have  traveled  out  of  the  gener¬ 
ating  area  are  known  as  " SWELL " .  Seas  are  chaotic  in 
period,  height  and  direction  while  swell  approaches  a 
simple  sine  wave  pattern  as  its  distance  from  the  gener¬ 
ating  area  increases.  An  in-between  state  exists  for  a 
few  hundred  miles  outside  the  generating  area  and  is  a 
condition  that  reflects  parts  of  both  of  the  above  defi¬ 
nitions.  In  the  Mediterranean  area,  because  its  fetches 
and  open  sea  expanses  are  limited,  SEA  or  IN-  BETWEEN 
conditions  will  prevail.  The  "SIGNIFICANT  WAVE  HEIGHT" 
is  defined  as  the  average  value  of  the  heights  of  the 
one-third  highest  waves.  PERIOD  and  WAVE  LENGTH  refer  to 
the  time  between  passage  of,  and  distances  between,  two 
successive  crests  on  the  sea  surface.  The  FREQUENCY  is 
the  reciprocal  of  the  period  (f  =  1/T)  therefore  as  the 
period  increases  the  frequency  decreases.  Waves  result 
from  the  transfer  of  energy  from  the  wind  to  the  sea 
surface.  The  area  over  which  the  wind  blows  is  known  as 
the  FETCH,  and  the  length  of  time  that  the  wind  has  blown 
is  the  DURATION.  The  characteristics  of  waves  (height, 
length,  and  period)  depend  on  the  duration,  fetch,  and 
velocity  of  the  wind.  There  is  a  continuous  generation 
of  small  short  waves  from  the  time  the  wind  starts  until 
it  stops.  With  continual  transfer  of  energy  from  the 
wind  to  the  sea  surface  the  waves  grow  with  the  older 
waves  leading  the  growth  and  spreading  the  energy  over  a 
greater  range  of  frequencies.  Throughout  the  growth 
cycle  a  SPECTRUM  of  ocean  waves  is  being  developed. 
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A.  2 


Wave  Spectrum 


Wave  characteristics  are  best  described  by  means 
of  their  range  of  frequencies  and  directions  or  their 
spectrum  and  the  shape  of  the  spectrum.  If  the  spectrum 
of  the  waves  covers  a  wide  range  of  frequencies  and 
directions  (known  as  short-crested  conditions),  SEA 
conditions  prevail.  If  the  spectrum  covers  a  narrow 
range  of  frequencies  and  directions  (long  crested 
conditions),  SWELL  conditions  prevail.  The  wave  spectrum 
depends  on  the  duration  of  the  wind,  length  of  the  fetch, 
and  on  the  wind  velocity.  At  a  given  wind  speed  and  a 
given  state  of  wave  development,  each  spectrum  has  a  band 
of  frequencies  where  most  of  the  total  energy  is 
concentrated.  As  the  wind  speed  increases  the  range  of 
significant  frequencies  extends  more  and  more  toward 
lower  frequencies  (longer  periods).  The  frequency  of 
maximum  energy  is  given  in  equation  1.1  where  v  is  the 
wind  speed  in  knots. 

f -  *  2.476  (1.1) 

v 

The  wave  energy,  being  a  function  of  height  squared, 
increases  rapidly  as  the  wind  speed  increases  and  the 
maximum  energy  band  shifts  to  lower  frequencies.  This 
results  in  the  new  developing  smaller  waves  (higher 
frequencies)  becoming  less  significant  in  the  energy 
spectrum  as  well  as  to  the  observer.  As  larger  waves 
develop  an  observer  will  pay  less  and  less  attention  to 
the  small  waves.  At  the  low  frequency  (high  period)  end 
the  energy  drops  off  rapidly,  the  longest  waves  are 
relatively  low  and  extremely  flat,  and  therefore  also 
masked  by  the  high  energy  frequencies.  The  result  is 
that  5'/.  of  the  upper  frequencies  and  37.  of  the  lower 
frequencies  can  be  cut-off  and  only  the  remaining 
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■frequencies  are  considered  as  the  "siqni-f icant  part  o-f 
the  wave  spectrum".  The  resulting  range  o-f  significant 
frequencies  or  periods  are  used  in  defining  a  fully 
arisen  sea.  For  a  fully  arisen  sea  the  approximate 
average  period  for  a  given  wind  speed  can  be  determined 
from  equation  (1.2). 

T  <=  0.2B5v 

Where  v  is  wind  speed  in  knots  and 
seconds.  The  approximate  average  wave 
arisen  sea  is  given  by  equation  (1.3). 

L  =  3.41  T=  (1.3) 


(1.2) 

T  is  period  in 
length  in  a  fully 


Where  L  is  average  wave  length  in  feet  and  T  is  average 
period  in  seconds. 

The  approximate  average  wave  length  of  a  fully  arisen  sea 
can  also  be  expressed  as: 

L  =  .67"L"  (1.4) 

where  "L"  *  5.12T3,  the  wave  length  for  the  classic  sine 
wave. 

A. 3  Fully  Arisen  Sea  Conditions 


For  each  wind  speed  there  are  minimum  fetch  (n 
mi)  and  duration  (hr)  values  required  for  a  fully  arisen 
sea  to  exist.  Table  A-l  lists  minimum  fetch  and  duration 
values  for  selected  wind  speeds,  values  of  significant 
wave  (average  of  the  highest  1/3  waves)  period  and 
height,  and  wave  length  of  the  average  wave  during 
developing  and  fully  arisen  seas.  The  minimum  duration 
time  assumes  a  start  from  a  flat  sea.  When  pre-existing 
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lower  waves  exist  the  time  to  fetch  limited  height  wi I ! 
be  shorter.  Therefore  the  table  duration  time  represents 
the  maximum  duration  required. 


Table  A-l.  Fully  Arisen  Deep  Water  Sea  Conditions  Based 
on  the  JONSWAF'  Model . 


Wi  nd 
Speed 


Minimum 

Fetch/Durati on 


Sig  Wave  (Hl/3) 
Peri od/Hei ght 


1  (kt) 

(n  mi  ) 

(hrs) 

(sec) 

(ft) 

L  X  (.5) 

/Arisen  ! 
/L  X  ( . 67)  : 

:  10 

28 

/ 

4 

4 

/ 

** 

41 

/ 

55 

!  15 

55 

/ 

6 

6 

/ 

4 

92 

/ 

123  i 

:  20 

110 

/ 

8 

8 

/ 

8 

164 

/ 

220  : 

:  25 

160 

/ 

1  1 

9 

/ 

12 

208 

/ 

278  : 

i  30 

210 

/ 

13 

1 1 

/ 

16 

310 

/ 

415  ; 

:  35 

310 

/ 

15 

13 

/ 

22 

433 

/ 

580  : 

:  40 

410 

/ 

17 

15 

/ 

30 

576 

/ 

772 

Wave  Length  (ft): 
Developing/Fully 


NOTES: 


1  Depths  throughout  fetch  and  travel  zone  must  be  greater 
than  1/2  the  wave  length,  otherwise  shoaling  and 
refraction  take  place  and  the  deep  water 
character 1 st i cs  of  waves  are  modified. 


12  For  the  classic  sine  wave  the  wave  length  (L)  equals 
5.12  times  the  period  (T)  squared  (L  =  5. 12T3) .  As 
waves  develop  and  mature  to  fully  developed  waves  and 
then  propagate  out  of  the  fetch  area  as  swell  their 
wave  lengths  approach  the  classic  sine  wave  length. 
Therefore  the  wave  lengths  of  developing  waves  are  less 
than  those  of  fully  developed  waves  which  in  turn  are 
less  than  the  length  of  the  resulting  swell.  The 
factor  of  .5  (developing)  and  .67  (fully  developed) 
reflect  this  rel ati onshi p . 
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Waves  produced  by  local  winds  are  referred  to  as 
SEA.  In  harbors  the  local  sea  or  wind  waves  may  create 
hazaroous  conditions  -for  certain  operations.  Generally 
within  harbors  the  -fetch  lengths  will  be  short  and 
therefore  the  growth  of  local  wind  waves  will  be  fetch 
limited.  This  implies  that  there  are  locally  determined 
upper  limits  of  wave  height  and  period  for  each  wind 
velocity.  Significant  changes  in  speed  or  direction  will 
result  in  generation  of  a  new  wave  group  with  a  new  set 
of  height  and  period  limits.  Once  a  fetch  limited  sea 
reaches  its  upper  limits  no  further  growth  will  occur 
unless  the  wind  speed  increases. 


Table  A-2  provides  upper  limits  of  period  and 
height  for  given  wind  speeds  over  some  selected  fetch 
lengths.  The  duration  in  hours  required  to  reach  these 
upper  limits  (assuming  a  start  from  calm  and  flat  sea 
conditions)  is  also  provided  for  each  combination  of 
fetch  length  and  wind  speed.  Some  possible  uses  of  Table 
A-2  information  are: 


1)  If  the  only  waves  in  the  area  are  locally 
generated  wind  waves,  the  Table  can  be  used 
to  forecast  the  upper  limit  of  sea  conditions 
for  combinations  of  given  wind  speeds  and 
fetch  length. 

2)  If  deep  water  swell  is  influencing  the  local 

area  in  addition  to  locally  generated  wind 
waves,  then  the  Table  can  be  used  to 
determine  the  wind  waves  that  will  combine 
with  the  swell.  Shallow  water  swell 
conditions  are  influenced  by  local  bathymetry 
(refraction  and  shoaling)  and  will  be 

addressed  in  each  specific  harbor  study. 

3)  Given  a  wind  speed  over  a  known  fetch  length 
the  maximum  significant  wave  conditions  and 
time  needed  to  reach  this  condition  can  be 
determi ned . 


Table  A-2.  Fetch  Limited  Wind  Wave  Conditions  and  Time 
Required  to  Re«n_'i  These  Limits  (Based  on  JONSWAP  Model). 
Enter  the  table  with  wind  speed  and  -fetch  length  to  de¬ 
termine  the  significant  wave  height  and  period,  and  time 
duration  needed  for  wind  waves  to  reach  these  limiting 
factors.  All  of  the  fetch/speed  combinations  are  fetch 
limited  except  the  100  n  mi  fetch  and  IB  kt  speed. 

Format :  height  (f eet ) /pen od  (seconds) 
duration  required  (hours) 


I  Fetch  \  Wind  Speed 
!  Lenqth  \  IB 

(kt) 

24 

30 

36 

I 

1 

42  : 

!  ( n  mi  ) 

!  10 

2/3-4 

3/3-4 

3-4/4 

4/4-5 

5/5  ; 

1-2 

*7 

1-2 

1-2 

!  20 

3/4-5 

4/4-5 

5/5 

6/5-6 

1 

1 

7/5-6  : 

2-3 

3 

3 

3-4 

3  : 

:  30 

3-4/5 

5/5-6 

6/6 

7/6 

1 

• 

B/6-7  : 

3 

4 

3-4 

3-4 

3  I 

:  40 

4— 5/5-6 

5/6 

6-7/6-7 

B/7 

1 

9-10/7-8  : 

4-5 

4 

4 

4 

3-4  ; 

:  ioo 

5/6-7 1 

9/e 

1  1/9 

13/9 

• 

1 

15-16/9-10 : 

5-6 

B 

7 

7 

7  ; 

1  IB  kt  winds  are  not  fetch  limited  over  a  100  n  mi  fetch. 


An  example  of  expected  wave  conditions  based  on  Table  A-2  follows: 
WIND  FORECAST  OR  CONDITION 

An  offshore  wind  of  about  24  kt  with  a  fetch  limit  of  20 
n  mi  (ship  is  20  n  mi  from  the  coast)  is  forecast  or  has 
been  occurring. 

SEA  FORECAST  OR  CONDITION 

From  Table  A-2:  If  the  wind  condition  is  forecast  to 
last,  or  has  been  occurring,  for  at  least  3  hours: 

Expect  sea  conditions  of  4  feet  at  4-5  second 
period  to  develop  or  exist.  If  the  condition 
lasts  less  than  3  hours  the  seas  will  be  lower. 
If  the  condition  lasts  beyond  3  hours  the  sea 
will  not  grow  beyond  that  developed  at  the  end 
of  about  3  hours  unless  there  is  an  increase  in 
wind  speed  or  a  change  in  the  direction  that 
results  in  a  longer  fetch. 
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A.  5 


Wave  Climatology 


The  wave  climatology  used  in  these  harbor  studies 
is  based  on  11  years  of  Mediterranean  SOWM  output.  The 
MED-50WM  is  discussed  in  Volume  II  o-f  the  U.S.  Naval 
Oceanography  Command  Numerical  Environmental  Products 
Manual  (1986).  A  deep  water  MED-SOWM  grid  point  was 
selected  as  representati  ve  o-f  the  deep  water  wave 
conditions  outside  each  harbor.  The  deep  water  waves 
were  then  propagated  into  the  shallow  water  areas.  Using 
linear  wave  theory  and  wave  re-fraction  computations  the 
shallow  water  climatology  was  derived  -from  the  modi-fied 
deep  water  wave  conditions.  This  climatology  does  not 
include  the  local  wind  generated  seas.  This  omission,  by 
design,  is  accounted  -for  by  removing  all  wave  data  -for 
periods  less  than  6  seconds  in  the  climatology.  These 
shorter  period  waves  are  typically  dominated  by  locally 

g£..ci  oi-eu  Mn.  waves. 

A .  6  Propagation  o-f  Deep  Water  Swell  Into  Shallow  Water  Areas 

When  deep  water  swell  moves  into  shallow  water 
the  wave  patterns  are  modified,  i.e.,  the  wave  heights 
and  directions  typically  change,  but  the  wave  period 
remains  constant.  Several  changes  may  take  place  in¬ 
cluding  shoaling  as  the  wave  -feels  the  ocean  bottom,  re¬ 
fraction  as  the  wave  crest  adjusts  to  the  bathymetry 
pattern,  changing  so  that  the  crest  becomes  more  parallel 
to  the  bathymetry  contours,  friction  with  the  bottom 

sediments,  interaction  with  currents,  and  adjustments 
caused  by  water  temperature  gradients.  In  this  work, 

only  shoaling  and  refraction  effects  are  considered. 
Consideration  of  the  other  factors  are  beyond  the 

resources  available  for  this  study  and,  furthermore,  they 
are  considered  less  significant  in  the  harbors  of  this 
study  than  the  refraction  and  shoaling  factors. 

To  determine  the  conditions  of  the  deep  water 

waves  in  the  shallow  water  areas  the  deep  water 
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conditions  were  -first  obtained  from  the  Navy's 
operational  liED-SOWM  wave  model.  The  bathymetry  for  the 
harbor/area  of  interest  was  extracted  from  available 
charts  and  digitized  for  computer  use.  Figure  A-l  is  a 
sample  plot  of  bathymetry  as  used  in  this  project.  A  ray 
path  ref racti on/shoal i ng  program  was  run  for  selected 
combinations  of  deep  water  wave  direction  and  period. 
The  selection  was  based  on  the  near  deep  water  wave 
climatology  and  harbor  exposure.  Each  study  area 
requires  a  number  of  ray  path  computations.  Typically 
there  are  3  or  4  directions  (at  30*  increments)  and  5  or 
6  periods  (at  2  second  intervals)  of  concern  for  each 
area  of  study.  This  results  in  15  to  24  plots  per 
area/harbor.  To  reduce  this  to  a  manageable  format  for 
quick  reference,  specific  locations  within  eacf  study 
area  were  selected  and  the  information  was  summarized  and 
is  presented  in  the  specific  harbor  studies  in  tabular 
form. 


A-9 


Figure  A-l.  Example  plot  of  bathymetry  (Naples  harbor)  as  used  in  this 
project.  For  platting  purposes  only,  contours  are  at  50  fathom 
intervals  from  an  initial  10  fathoms  to  110  fathoms,  and  at  100  fathom 
intervals  thereafter.  The  larger  size  numbers  identify  specific 
anchorage  areas  addressed  in  the  harbor  study. 
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